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1
METHOD OF PRODUCING COLOR FILTER
AND SOLID-STATE IMAGING DEVICE
HAVING COLORED COMPOSITION
CONTAINING COLOR AGENT

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation of International Application No.
PCT/IP2012/072831 filed on Aug. 31, 2012, and claims
priority from Japanese Patent Application No. 2011-190189
filed on Aug. 31, 2011, the entire disclosures of which are
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a colored composition, a
method of producing a color filter using the same, a color
filter and a solid-state imaging device.

BACKGROUND ART

For instance, in a solid-state imaging device, a color filter
in which colored pixels of plural colors, for example, a red
color pixel, a green color pixel or a blue color pixel are
two-dimensionally arrayed on a support, for example, a
semiconductor substrate is provided. As to the solid-state
imaging device, in recent years, increase in the number of
pixels is remarkable and when it is compared with a tradi-
tional solid-state imaging device having the same inch size,
reduction of pixel size is noticeable. Further, along with the
reduction of pixel size, performance demand on color sepa-
ration becomes strict and in order to maintain device per-
formances, for example, color shading performance or color
mixing prevention, performances, for example, reduction in
thickness, rectangularization or elimination of overlap area
in which colors are overlapped between respective colored
pixels are required for the color filter.

As a method of producing such a color filter, a photolitho
method has been often employed. The photolitho method is
a method in which a colored photosensitive composition is
coated on a support and dried to form a colored layer and the
colored layer is subjected to pattern exposure, development
and the like to form a colored pixel of a first color (for
example, green color), and then colored pixels of remaining
colors are formed in the same manner as above.

However, along with the miniaturization of pixel in the
solid-state imaging device, it becomes difficult for pattern
formation by a so-called photolitho method to balance a
spectral property with a pattern-forming property of color
filter toward a request for miniaturization and reduction in
thickness of color filter. Specifically, in a color filter for
solid-state imaging device, there is a tendency to seek the
miniaturization so as that as to the reduction in thickness of
colored pattern, the thickness is, for example, 1 pm or less
and the pixel pattern size is 2 pm or less (for example, from
0.5 to 2.0 um).

In particular, together with the progress of reduction in
thickness, a relative amount of a coloring agent, for
example, pigment in a layer increases, on the other hand an
amount of a component contributing a photolitho property
other than the coloring agent in the layer relatively
decreases. With respect to the pattern-forming property due
to the decrease of amount of a component contributing a
photolitho property, in case of the demand on pattern for-
mation less than 2.0 pm there is a problem, for example, in
that the pattern profile by cross-sectional observation has a
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round pattern edge and is lack of rectangularity even when
correction, for example, OPC has been conducted, although
the effect of improving the pattern profile is recognized
when observed from above. It has been known that in a color
filter using a pigment dispersion liquid (a color filter pro-
duced by a photolitho method using colored radiation-
sensitive compositions in which a pigment is dispersed in
various compositions) the round pattern edge becomes
prominent owing to light scattering by the pigment at the
time of exposure.

In particular, recently, based on the further demand on
high-definition in a color filter for solid-state imaging
device, for example, a forming property of 1.4 um pattern
has been requested, which is close to the limit of resolution
in a hitherto known photolitho method.

Against the method of producing a color filter utilizing the
photolitho method, a processing method using a dry etching
method has been proposed as a method effective for realiz-
ing the miniaturization and reduction in thickness of pattern.
The dry etching method has been adopted as a method of
forming a pattern (each colored pixel) in a rectangular form,
and a pattern-forming method with combination of the
photolitho method and dry etching method or the like has
been proposed (see, for example, JP-A-2006-222290 (the
term “JP-A” as used herein means an “unexamined pub-
lished Japanese patent application™) and JP-A-2007-48774).

SUMMARY OF INVENTION

However, for the purpose of further improvement in
performances of solid-state imaging device, inhibition of
crosstalk (color mixing of light) in a color filter has been
more requested. As a method for dissolving the problem,
means of further reducing thickness of colored pixel is
considered. However, when the reduction in thickness is
simply conducted, a problem arises in that color-formation
becomes insufficient. Therefore, as means for dissolving the
problem, it is considered to increase concentration of col-
oring agent in the colored pixel.

On the other hand, when a color filter is heated at high
temperature (for example, in a case of modularization of a
solid-state imaging device having a color filter through a
process of heating at high temperature, for example, solder
reflow), due to transfer of the coloring agent between pixels
of' the color filter, coloration of the pixel further proceeds, or
due to decomposition of the coloring agent or the like in the
pixel, hue of pixel is degraded, whereby a spectral charac-
teristic of the color filter changes in some cases. In particu-
lar, the above problem is noticeable when the concentration
of coloring agent in the colored composition for forming
color filter is increased as described above.

As a result of the extensive investigations, the inventors
have reached the thought that when the concentration of
coloring agent in the colored composition is increased, the
component for protecting the coloring agent decreases to be
apt to cause the problem described above. Based on this
thought, it has been found that a color filter which has a high
heat resistance and hardly causes the problem described
above can be obtained when a resin used in combination
with the coloring agent is specified to complete the inven-
tion.

Specifically, an object of the present invention is to
provide a colored composition capable of producing a color
filter which is excellent in the heat resistance even though
which contains a coloring agent at a high concentration in
order to achieve further reduction in thickness of the color
filter.
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Further, another object of the invention is to provide a
method of producing a color filter using the colored com-
position, a color filter and a solid-state imaging device.

The means for dissolving the problems are specifically
described below.

(1) A colored composition comprising a coloring agent and
a resin, wherein a content of the coloring agent to a total
solid content of the colored composition is 50% by weight
or more and a solid content acid value of the resin is more
than 80 mg KOH/g.

(2) A method of producing a color filter comprising (A) a
step of forming a first colored layer comprising a first
colored composition and (B) a step of patterning with dry
etching so as to from a through-hole group in the first
colored layer, wherein the first colored composition is the
colored composition as described (1) above.

(3) The method of producing a color filter as described in (2)
above, wherein the through-hole group comprises a first
through-hole part group and a second through-hole part
group and the method further comprises (C) a step of
stacking a second colored radiation-sensitive layer compris-
ing a second colored radiation-sensitive composition on the
first colored layer so as that an inside of each through-hole
of'the first through-hole part group and second through-hole
part group is filled with the second colored radiation-
sensitive composition to form a plurality of second colored
pixels, (D) a step of exposing and developing a position of
the second colored radiation-sensitive layer corresponding
to the first through-hole part group provided in the first
colored layer to remove the second colored radiation-sensi-
tive layer and the plurality of second colored pixels formed
in the inside of each through-hole of the second through-
hole part group provided in the first colored layer, (E) a step
of stacking a third colored radiation-sensitive layer com-
prising a third colored radiation-sensitive composition on
the first colored layer so as that an inside of each through-
hole of the second through-hole part group is filled with the
third colored radiation-sensitive composition to form a plu-
rality of third colored pixels, and (F) a step of exposing and
developing a position of the third colored radiation-sensitive
layer corresponding to the second through-hole part group
provided in the first colored layer to remove the third colored
radiation-sensitive layer.

(4) The method of producing a color filter as described in (2)
above, wherein the through-hole group is a plurality of first
through-holes and the method further comprises (C') a step
of stacking a second colored layer comprising a second
colored composition on the first colored layer so as that an
inside of each of the first through-holes is filled with the
second colored composition to form a plurality of second
colored pixels, (D') a step of forming a plurality of first
colored pixels by patterning with dry etching so as to form
a plurality of second through-holes different from the plu-
rality of first through-holes in the first colored layer, (D") a
step of conducting a planarization treatment of the second
colored layer until at least the first colored layer is revealed,
(E) a step of stacking a third colored radiation-sensitive
layer comprising a third colored radiation-sensitive compo-
sition on the first colored layer so as that an inside of each
of plurality of second through-holes is filled with the third
colored radiation-sensitive composition to form a plurality
of third colored pixels, and (F) a step of exposing and
developing a position of the third colored radiation-sensitive
layer corresponding to the plurality of second through-holes
provided in the first colored layer to remove the third colored
radiation-sensitive layer, and wherein (D") the step of con-
ducting a planarization treatment is conducted either after
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(C") the step of stacking a second colored layer and before
(D") the step of patterning with dry etching or after (D') the
step of patterning with dry etching and before (E) the step of
stacking a third colored radiation-sensitive layer.

(5) The method of producing a color filter as described in (4)
above, wherein (D") the step of conducting a planarization
treatment is conducted after (C') the step of stacking a
second colored layer and before (D') the step of patterning
with dry etching.

(6) The method of producing a color filter as described in (4)
above, wherein (D") the step of conducting a planarization
treatment is conducted after (D') the step of patterning with
dry etching and before (E) the step of stacking a third
colored radiation-sensitive layer.

(7) The method of producing a color filter as described in (5)
above, wherein each of (B) the step of patterning with dry
etching and (D') the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer, a step of patterning the photoresist layer
by conducting exposure and development to obtain a resist
pattern, and a step of conducting dry etching of the first
colored layer using the resist pattern as an etching mask.
(8) The method of producing a color filter as described in (6)
above, wherein (B) the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer and (D') the step of patterning with dry
etching comprises a step of further forming a photoresist
layer on the second colored layer, and each of (B) the step
of patterning with dry etching and (D'") the step of patterning
with dry etching further comprises a step of patterning the
photoresist layer by conducting exposure and development
to obtain a resist pattern, and a step of conducting dry
etching of the colored layer using the resist pattern as an
etching mask.

(9) The method of producing a color filter as described in
any one of (4) to (8) above, wherein (D") the step of
conducting a planarization treatment is conducted by an etch
back treatment or a chemical mechanical polishing treat-
ment.

(10) The method of producing a color filter as described in
(2) above, wherein the through-hole group is a plurality of
first through-holes and the method further comprises (C') a
step of stacking a second colored layer comprising a second
colored composition on the first colored layer so as that an
inside of each of the first through-holes is filled with the
second colored composition to form a plurality of second
colored pixels, (D') a step of forming a plurality of first
colored pixel by patterning with dry etching so as to form a
plurality of second through-holes different from the plurality
of first through-holes in the first colored layer, (E") a step of
stacking one or more colored layers including a third colored
layer comprising a third colored composition on the first
colored layer so as that an inside of each of plurality of
second through-holes is filled with the third colored com-
position to form a plurality of third colored pixels, and (F")
a step of conducting a planarization treatment of the one or
more colored layers stacked on the first colored layer until
at least the first colored layer is revealed.

(11) The method of producing a color filter as described in
(10) above, which further comprises (D") a step of conduct-
ing a planarization treatment of the second colored layer
until at least the first colored layer is revealed after (C') the
step of stacking a second colored layer and before (D') the
step of patterning with dry etching, and the one or more
colored layers stacked on the first colored layer in the step
(E") is the third colored layer.
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(12) The method of producing a color filter as described in
(11) above, wherein (D") the step of conducting a planariza-
tion treatment is conducted by an etch back treatment or a
chemical mechanical polishing treatment.
(13) The method of producing a color filter as described in
(10) above, wherein the one or more colored layers stacked
on the first colored layer in the step (E') are layers compris-
ing the second colored layer and the third colored layer.
(14) The method of producing a color filter as described in
(11) above, wherein each of (B) the step of patterning with
dry etching and (D') the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer, a step of patterning the photoresist layer
by conducting exposure and development to obtain a resist
pattern, and a step of conducting dry etching of the first
colored layer using the resist pattern as an etching mask.
(15) The method of producing a color filter as described in
(13) above, wherein (B) the step of patterning with dry
etching comprises a step of further forming a photoresist
layer on the first colored layer and (D') the step of patterning
with dry etching comprises a step of further forming a
photoresist layer on the second colored layer; and each of
(B) the step of patterning with dry etching and (D) the step
of patterning with dry etching further comprises a step of
patterning the photoresist layer by conducting exposure and
development to obtain a resist pattern, and a step of con-
ducting dry etching of the first colored layer using the resist
pattern as an etching mask.
(16) The method of producing a color filter as described in
any one of (10) to (15) above, wherein (F') the step of
conducting a planarization treatment is conducted by an etch
back treatment or a chemical mechanical polishing treat-
ment.
(17) The method of producing a color filter as described in
any one of (2) to (16) above, wherein the first colored layer
is a green color transmission layer.
(18) The method of producing a color filter as described in
any one of (3) to (17) above, wherein one of the second
colored pixel and the third colored pixel is a red color
transmission part and the other is a blue color transmission
part.
(19) The method of producing a color filter as described in
any one of (3) to (18) above, wherein a content of the
coloring agent to the second colored pixel is 30% by weight
or more and a content of the coloring agent to the third
colored pixel is 30% by weight or more.
(20) A color filter obtained by the method of producing a
color filter as described in any one of (2) to (19) above.
(21) A solid-state imaging device having the color tilter as
described in (20) above.
(22) The colored composition as described in (1) above,
which further comprises a basic pigment derivative.

According to the present invention, a colored composition
capable of producing a color filter which is excellent in the
heat resistance even though which contains a coloring agent
at a high concentration in order to achieve further reduction
in thickness of the color filter can be provided.

Further, according to the invention, a method of produc-
ing a color filter using the colored composition, a color filter
and a solid-state imaging device can be provided.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 is a schematic cross-sectional view showing a
configuration example of a color filter and a solid-state
imaging device.
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FIG. 2 is a schematic cross-sectional view of a first
colored layer.

FIG. 3 is a schematic cross-sectional view showing a state
in which a photoresist layer is formed on the first colored
layer.

FIG. 4 is a schematic cross-sectional view showing a state
in which a resist pattern is formed on the first colored layer.

FIG. 5 is a schematic cross-sectional view showing a state
in which a first colored pattern is formed by providing a
through-hole group in the first colored layer with etching.

FIG. 6 is a schematic cross-sectional view showing a state
in which the resist pattern in FIG. 5 is removed.

FIG. 7 is a schematic cross-sectional view showing a state
in which a second colored pattern and a second colored
radiation-sensitive layer are formed.

FIG. 8 is a schematic cross-sectional view showing a state
in which the second colored radiation-sensitive layer and a
part of a second colored pixel constituting the second
colored pattern in FIG. 7 are removed.

FIG. 9 is a schematic cross-sectional view showing a state
in which a third colored pattern and a third colored radiation-
sensitive layer are formed.

FIG. 10 is a schematic cross-sectional view showing a
state in which the third colored radiation-sensitive layer in
FIG. 9 is removed.

FIG. 11 is a schematic cross-sectional view showing a
state in which a resist pattern is formed on the first colored
layer.

FIG. 12 is a schematic cross-sectional view showing a
state in which a first colored pattern is formed by providing
a plurality of through-holes in the first colored layer with
etching.

FIG. 13 is a schematic cross-sectional view showing a
state in which the resist pattern in FIG. 12 is removed.

FIG. 14 is a schematic cross-sectional view showing a
state in which a second colored pattern and a second colored
layer are formed.

FIG. 15 is a schematic cross-sectional view showing a
state in which the second colored layer in FIG. 14 is
removed by a planarization treatment.

FIG. 16 is a schematic cross-sectional view showing a
state in which the second colored layer in FIG. 14 is
removed by a planarization treatment and a resist pattern is
formed on the first color layer.

FIG. 17 is a schematic cross-sectional view showing a
state in which a plurality of through-holes are further
provided in the first colored layer with etching.

FIG. 18 is a schematic cross-sectional view showing a
state in which a resist pattern is formed on the second
colored layer.

FIG. 19 is a schematic cross-sectional view showing a
state in which a plurality of through-holes are provided in
the first colored layer and the second colored layer with
etching.

FIG. 20 is a schematic cross-sectional view showing a
state in which the resist pattern in FIG. 19 is removed.

FIG. 21 is a schematic cross-sectional view showing a
state in which a third colored pattern and a third colored
layer are formed.

FIG. 22 is a schematic cross-sectional view showing a
state in which a third colored pattern and a third colored
layer are formed.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

10: Solid-state imaging device
11: First colored layer
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12, 12" First colored pattern

13, 100: Color filter

14: Planarizing film

15: Microlens

20G Green color pixel (first colored pixel)

20R Red color pixel (second colored pixel)

20B Blue color pixel (third colored pixel)

21: Second colored radiation-sensitive layer

21A: Position corresponding to the first through-hole part
group 121

21" Second colored layer

22: Second colored pattern

22R: Plurality of second colored pixels formed in the inside
of each through-hole of the second through-hole part
group 122

31: Third colored radiation-sensitive layer

31A: Position corresponding to the second through-hole part
group 122

31", 31": Third colored layer

32: Third colored pattern

41: P well

42: Photo detector (photo diode)

43: Impurity diffusion layer

44: Electrode

45: Wiring layer

46: BPSG film

47: Insulating film

48: P—SiN film

49: Planarizing layer

51: Photoresist layer

51A, 51A", 51B, 51C: Resist through-hole

52,52', 52", 52" Resist pattern (patterned photoresist layer)

120: Through-hole group

121: First through-hole part group (first through-hole)

122: Second through-hole part group (second through-hole)

DESCRIPTION OF EMBODIMENTS

The composition according to the invention will be
described in detail below.

In the specification, with respect to the description of a
group (atomic group), when the group is not indicated
whether substituted or unsubstituted, the group includes the
group which has a substituent as well as the group which
does not have a substituent. For example, the description “an
alkyl group” includes not only an alkyl group which does not
have a substituent (an unsubstituted alkyl group) but also an
alkyl group which has a substituent (a substituted alkyl
group).

The description of the constituent element below is made
based on the typical embodiment of the invention in some
cases, but the invention should not be construed as being
limited thereto. In the specification, a numerical value range
represented by using the term “to” means a range which
includes the numerical values described before and after the
term “to” as a lower limit and an upper limit, respectively.

In the specification, the term “(meth)acrylate” represents
acrylate and methacrylate, the term “(meth)acryl” represents
acryl and methacryl, and the term “(meth)acryloyl” repre-
sents acryloyl and methacryloyl. The monomer in the inven-
tion is distinguished from an oligomer and a polymer and
means a compound having a weight average molecular
weight of 2,000 or less. In the specification, a polymerizable
compound means a compound having a polymerizable
group and may be a monomer or a polymer. The polymer-
izable group means a group involved in a polymerization
reaction.
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<Colored Composition>

The colored composition according to the invention con-
tains a coloring agent and a resin. In the colored composition
according to the invention, a content of the coloring agent to
a total solid content of the colored composition is 50% by
weight or more and a solid content acid value of the resin is
more than 80 mg KOH/g.

Each component constituting the colored composition
according to the invention will be described below.

[1] Coloring Agent

The colored composition according to the invention con-
tains at least one kind of coloring agent. The coloring agent
is not particularly restricted and heretofore known various
dyes and pigments can be used individually or as a mixture
of two or more thereof.

As the pigment, heretofore known various inorganic pig-
ments and organic pigments are exemplified. Considering
that high transmittance is preferred irrespective of the inor-
ganic pigment or the organic solvent, it is preferred to use a
pigment having an average particle size as small as possible.

The pigments preferably used in the invention include
those described below, but the invention should not be
construed as being limited thereto.

C. L. Pigment Yellow 1, 2, 3, 4, 5, 6, 10, 11, 12, 13, 14,
15,16, 17, 18,20, 24,31,32, 34, 35, 35:1,36,36:1,37,37:1,
40, 42, 43, 53, 55, 60, 61, 62, 63, 65,73, 74, 77, 81, 83, 86,
93, 94, 95, 97, 98, 100, 101, 104, 106, 108, 109, 110, 113,
114, 115, 116, 117, 118, 119, 120, 123, 125, 126, 127, 128,
129, 137, 138, 139, 147, 148, 150, 151, 152, 153, 154, 155,
156, 161, 162, 164, 166, 167, 168, 169, 170, 171, 172, 173,
174, 175, 176, 177, 179, 180, 181, 182, 185, 187, 188, 193,
194, 199, 213 and 214.

C. 1. Pigment Orange 2, 5, 13, 16, 17, 17:1, 31, 34, 36, 38,
43, 46, 48, 49, 51, 52, 55, 59, 60, 61, 62, 64, 71 and 73.

C.1. PigmentRed 1, 2,3, 4,5,6,7,9, 10, 14, 17, 22, 23,
31, 38,41, 48:1, 48:2, 48:3, 48:4, 49, 49:1, 49:2, 52:1, 52:2,
53:1, 57:1, 60:1, 63:1, 66, 67, 81:1, 81:2, 81:3, 83, 88, 90,
105, 112, 119, 122, 123, 144, 146, 149, 150, 155, 166, 168,
169, 170, 171, 172, 175, 176, 177, 178, 179, 184, 185, 187,
188, 190, 200, 202, 206, 207, 208, 209, 210, 216, 220, 224,
226, 242, 246, 254, 255, 264, 270, 272 and 279.

C. I. Pigment Green 7, 10, 36, 37 and 58.

C. 1. Pigment Violet 1, 19, 23, 27, 32, 37 and 42.

C. 1. Pigment Blue 1, 2, 15, 15:1, 15:2, 15:3, 15:4, 15:6,
16, 22, 60, 64, 66, 79 and 80.

C. 1. Pigment Black 1

The organic pigments may be used individually or in
combination of two or more thereof in order to increase
color purity.

In the case where the coloring agent is a dye in the
invention, a colored composition having a state in which the
dye is uniformly dissolved in the composition can be
obtained.

The dye is not particularly restricted and known dyes
heretofore used for a color filter can be employed.

As to a chemical structure, for example, dyes of a pyra-
zoleazo series, an anilinoazo series, a triphenylmethane
series, an anthraquinone series, an anthrapyridone series, a
benzylidene series, an oxonol series, a pyrazolotriazol
series, a pyridoneazo series, a cyanine series, a phenothiaz-
ine series, a pyrrolopyrazoleazomethine series, a xanthene
series, a phthalocyanine series, a benzopyran series, an
indigo or a pyrromethene series can be used. Also, multi-
mers of these dyes may be used.

Further, as the coloring agent, an acid dye and/or a
derivative thereof are suitably used in some cases.
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In addition, a direct dye, a basic dye, a mordant dye, an
acid mordant dye, an azoic dye, a disperse dye, an oil soluble
dye, a food dye and/or a derivative thereof can also be
usefully employed.

Specific examples of the acid dye are set forth below, but
the invention should not be construed as being limited
thereto. For example, Acid Alizarin Violet N; Acid Black 1,
2, 24 and 48; Acid Blue 1, 7, 9, 15, 18, 23, 25, 27, 29, 40,
41,42,43, 44,45, 62,70, 74, 80, 83, 86, 87, 90, 92, 103, 112,
113, 120, 129, 138, 147, 158, 171, 182, 192, 243 and 324:1,
Acid Chrome Violet K; Acid Fuchsin; Acid Green 1, 3, 5, 9,
16, 25, 27 and 50; Acid Orange 6, 7, 8, 10, 12, 50, 51, 52,
56, 63, 74 and 95; Acid Red 1, 4, 8, 14, 17, 18, 26, 27, 29,
31,34, 35,37, 42, 44, 50, 51, 52, 57, 66, 73, 80, 87, 88, 91,
92,94,97,103, 111, 114, 129, 133, 134, 138, 143, 145, 150,
151, 158, 176, 183, 198, 211, 215, 216, 217, 249, 252, 257,
260, 266 and 274; Acid Violet 6B, 7, 9, 17 and 19; Acid
Yellow 1, 3, 7,9, 11, 17, 23, 25, 29, 34, 36, 42, 54, 72, 73,
76,79, 98,99, 111, 112, 114, 116, 184 and 243; Food Yellow
3; and derivatives of these dyes are exemplified.

Further, acid dyes of an azo series, a xanthene series and
a phthalocyanine series are also preferred and acid dyes, for
example, C. 1. Solvent Blue 44 and 38; C. 1. Solvent Orange
45; Rhodamine B and Rhodamine 110 and derivatives of
these dyes are also preferably used.

Among them, the coloring agent is preferably a coloring
agent selected from a triallylmethane series, an anthraqui-
none series, an azomethine series, a benzylidene series, an
oxonol series, a cyanine series, a phenothiazine series, a
pyrrolopyrazoleazomethine series, a xanthene series, a
phthalocyanine series, a benzopyran series, an indigo series,
a pyrazoloazo series, an anilinoazo series, a pyrazolotriazo-
lazo series, a pyridoneazo series, an anthrapyridone series
and a pyrromethene series.

Moreover, a pigment and a dye may be used in combi-
nation.

The coloring agent according to the invention is prefer-
ably a dye or a pigment. In particular, a pigment having an
average particle size (r) satisfying 20 nm=r<300 nm, pref-
erably 25 nm=r=<250 nm, particularly preferably 30
nm=r=<200 nm, is desirable. By using the pigment having
such an average particle size, a pixel having a high contrast
ratio and high light transmittance can be obtained. The term
“average particle size” as used herein means an average
particle size of a secondary particle formed by aggregation
of primary particles (single fine crystal). The average par-
ticle size of primary particles is determined by observing the
primary particles through SEM or TEM, measuring particle
sizes of 100 particles in the portion where particles are not
agglomerated, and calculating an average value of the par-
ticle sizes.

Also, as to particle size distribution (hereinafter, simply
referred to as “particle size distribution”) of secondary
particle of the dye for use in the invention, it is desirable that
secondary particles within a range of (average particle
sizex100) nm accounts for 70% by weight or more, prefer-
ably 80% by weight or more, of the total particles.

The pigment having the average particle size and particle
size distribution described above can be prepared by mixing
and dispersing with pulverization a commercially available
pigment together with other pigment (its average particle
size ordinarily exceeding 300 nm) used, if desired, prefer-
ably, as a pigment mixture solution prepared by mixing with
a dispersing agent and a solvent, using a pulverizer, for
example, a beads mill or a roll mill. The pigment obtained
in the manner as above has a form of pigment dispersion
liquid.
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—Miniaturization of Pigment—

According to the invention, a fine and granulated organic
pigment may be used, if desired. Miniaturization of the
pigment can be achieved through a process which comprises
preparing a viscous liquid composition of the pigment
together with a water-soluble organic solvent and a water-
soluble inorganic salt and then applying stress to the com-
position using a wet type pulverizing apparatus or the like to
grind the pigment.

Examples of the water-soluble organic solvent used in the
step of miniaturization of the pigment includes methanol,
ethanol, isopropanol, n-propanol, isobutanol, n-butanol, eth-
ylene glycol diethylene glycol, diethylene glycol monom-
ethyl ether, diethylene glycol monoethyl ether, diethylene
glycol monobutyl ether, propylene glycol and propylene
glycol monomethyl ether acetate.

Another solvent having low water-solubility or no water-
solubility may be used as long as the solvent is used in such
a small amount that it is adsorbed onto the pigment and not
discharged into waste water, and examples of such solvent
include benzene, toluene, xylene, ethylbenzene, chloroben-
zene, nitrobenzene, aniline, pyridine, quinoline, tetrahydro-
furan, dioxane, ethyl acetate, isopropyl acetate, butyl
acetate, hexane, heptane, octane, nonane, decane, undecane,
dodecane, cyclohexane, methylcyclohexane, a halogenated
hydrocarbon, acetone, methyl ethyl ketone, methyl isobutyl
ketone, cyclohexanone, dimethylformamide, dimethylsul-
foxide and N-methylpyrrolidone.

The solvents used in the step of miniaturization of the
pigment may be employed only one kind or as a mixture of
two or more kinds thereof if desired.

Examples of the water-soluble inorganic salt used in the
step of miniaturization of the pigment in the invention
include sodium chloride, potassium chloride, calcium chlo-
ride, barium chloride and sodium sulfate.

The amount of the water-soluble inorganic salt used in the
step of miniaturization is from 1 to 50 times by weight based
on the amount of the pigment and a higher grinding effect is
achieved when used in a larger amount. From the standpoint
of productivity, the amount of the water-soluble inorganic
salt is more preferably from 1 to 10 times by weight. The
inorganic salt having water content of 1% or less is prefer-
ably used.

The amount of the water-soluble organic solvent used in
the step of miniaturization is in a range from 50 to 300 parts
by weight, more preferably in a range from 100 to 200 parts
by weight, based on 100 parts by weight of the pigment.

The operation conditions of the wet type pulverizing
apparatus in the step of miniaturization of the pigment are
not particularly restricted. When the apparatus is a kneader,
the operation conditions are that the number of revolutions
of'a blade in the apparatus is preferably from 10 to 200 rpm
in order to efficiently promote grinding with pulverizing
media, and the revolution ratio between two shafts is pref-
erably relatively higher for a higher grinding effect. The
operation time including a dry type pulverizing time is
preferably from 1 to 8 hours, and the inner temperature of
the apparatus is preferably from 50 to 150° C. The water-
soluble inorganic salt which is pulverizing media preferably
has a pulverizing particle size from 5 to 50 um with a sharp
particle size distribution and a spherical form.

—Blending of Pigments— (Color Matching)

The organic pigments may be used individually or in
combination of two or more thereof in order to increase
color purity. Specific examples of the combination are
shown below. For instance, as the red pigment, an anthra-
quinone pigment, a perylene pigment and a diketopyrropy-
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rrole pigment are individually used or mixtures of at least
one of the red pigments described above and a disazo yellow
pigment, an isoindoline yellow pigment, a quinophthalone
yellow pigment, a perylene red pigment, an anthraquinone
red pigment or a diketopyrrolopyrrole red pigment are used.
Examples of the anthraquinone pigment include C. 1. Pig-
ment Red 177, examples of the perylene pigment include C.
1. Pigment Red 155 and C. 1. Pigment Red 224, and
examples of the diketopyrrolopyrrole pigment include C. 1.
Pigment Red 254. In view of color reproducibility, the
mixture with C. I. Pigment Yellow 83, C. I. Pigment Yellow
139 or C. 1. Pigment Red 177 is preferred. The weight ratio
of the red pigment to other pigment is preferably from 100:5
to 100:80. In the range described above, light transmittance
in a wavelength range from 400 to 500 nm is suppressed,
color purity is improved, and sufficient color-forming power
is achieved. Particularly, the optimum weight ratio is in a
range from 100:10 to 100:65. In case of the combination of
red pigments, the weight ratio can be adjusted according to
chromaticity.

As the green pigment, a halogenated phthalocyanine
pigment can be used individually or as a mixture with a
disazo yellow pigment, a quinophthalone yellow pigment,
an azomethine yellow pigment or an isoindoline yellow
pigment. For instance, preferred examples of such mixtures
include mixtures of C. 1. Pigment Green 7, 36, 37 or 58 and
C. 1. Pigment Yellow 83, C. 1. Pigment Yellow 138, C. 1.
Pigment Yellow 139, C.I. Pigment Yellow 150, C.I. Pigment
Yellow 180 or C. 1. Pigment Yellow 185. The weight ratio of
the green pigment to the yellow pigment is preferably from
100:5 to 100:200. In the weight ratio range described above,
light transmittance in a wavelength region from 400 nm to
450 nm can be suppressed, color purity can be improved,
and hues in the vicinity of target NTSC hues can be obtained
as designed without shifting the main wavelength toward
longer wavelengths. The weight ratio is particularly prefer-
ably in a range from 100:20 to 100:150.

As the blue pigment, a phthalocyanine pigment can be
used individually or as a mixture with a dioxazine violet
pigment. Particularly preferred examples include a mixture
of C. I. Pigment Blue 15:6 and C. 1. Pigment Violet 23.

The weight ratio of the blue pigment to the violet pigment
is preferably from 100:0 to 100:100, and more preferably
100:70 or less.

In the colored composition according to the invention, the
content of the coloring agent based on the total solid content
of the colored composition is 50% by weight or more,
preferably 55% by weight or more, and more preferably
60% by weight or more. Thus, even when a thickness of
colored pixel obtained form the colored composition is
extremely reduced (for example, 0.7 um or less) with the
intention to inhibit crosstalk (color mixing of light) in a color
filter, the sufficient color-formation can be obtained. On the
contrary, in the case where the content of the coloring agent
based on the total solid content of the colored composition
is less than 50% by weight, it is difficult to obtain the
sufficient color-formation, when the thickness of colored
pixel is extremely reduced as described above.

The upper limit of the content of the coloring agent based
on the total solid content of the colored composition is not
particularly restricted and is, for example, 99.5% by weight
or less.

[2] Resin

The colored composition according to the invention con-
tains a resin having a solid content acid value of more than
80 mg KOH/g. The resin includes, for example, a resin
which functions as a dispersing resin for dispersing the
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coloring agent described above and a resin which functions
as a binder resin. The resin may also a resin which functions
not only as a dispersing resin but also a binder resin.

A color filter obtained from the colored composition
containing a resin having a solid content acid value of more
than 80 mg KOH/g has a layer in which acid groups
contained in the resin are easy to form pseudocrosslinking
owing to interaction, for example, a hydrogen bond and thus,
it is inferred that a film property of the color filter becomes
stronger. As a result, in the heating process at high tempera-
ture, for example, solder reflow, since thermal motion of the
coloring agent is inhibited and the coloring agent hardly
moves between pixels of the color filter, it is believed that
further coloration of the pixel after the heating process at
high temperature can be restrained.

Further, since the coloring agent is protected by the strong
pseudocrosslinked resin it is believed that decomposition
with heat may also hardly occur.

As described above, by using the resin having a solid
content acid value of more than 80 mg KOH/g, it is possible
to produce a color filter excellent in heat resistant and in the
case where the concentration of coloring agent is high as in
the colored composition according to the invention, since
the component for protecting the coloring agent is apt to
decrease, the effect is significant.

The solid content acid value of resin is preferably 90 mg
KOH/g or more, and more preferably 110 mg KOH/g or
more.

The upper limit of the solid content acid value of resin is
not particularly restricted and is ordinarily 250 mg KOH/g
or less and preferably 200 mg KOH/g or less.

The solid content acid value of resin can be controlled by
adjusting an amount of acid groups in the resin.

More specifically, the dispersing resin according to the
invention may or may not contain a structural unit (repeating
unit) having an acid group. In the case where the dispersing
resin contains the structural unit having an acid group, the
content of the structural unit is preferably from 5 to 80% by
weight, more preferably from 7 to 70% by weight, still more
preferably from 10 to 60% by weight, based on the total
weight of the dispersing resin.

In the range of the content of the structural unit having an
acid group described above, the solid content acid value of
the resin is suitably controlled more than 80 mg KOH/g.

Examples of the acid group include a carboxylic acid
group, a sulfonic acid group, a phosphoric acid group and a
phenolic hydroxy group. The acid groups may be used only
one kind or in combination of two or more kinds thereof.

According to the invention, the acid value of the dispers-
ing resin can be calculated, for example, an average content
of an acid group in the dispersing resin. Also, by changing
an amount of the monomer having an acid group which
constitutes a dispersing resin, the resin having the desired
acid value can be obtained.

As the dispersing resin, although many kinds of com-
pounds are able to be employed, among them, the dispersing
resin used in the invention is preferably a graft polymer. The
graft polymer preferably has a graft chain in which the
number of atoms exclusive of hydrogen atoms is in a range
from 40 to 10,000. The graft chain in this case means a
portion from the position of the root (an atom which
connects to the main chain in a group branching from the
main chain) of main chain of the copolymer to the terminal
of the group branching from the main chain. The dispersing
resin in the colored composition is a dispersing resin which
imparts dispersibility to the coloring agent (particularly,
pigment) and since the dispersing resin has affinity to the
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solvent due to the existence of the graft chain, the dispersing
resin is excellent in dispersibility of the coloring agent and
dispersion stability after the lapse of time. Further, when the
colored composition is formed, since the graft chain exhibits
good interaction with the solvent, uniformity of thickness in
the coated layer becomes better.

In the graft polymer, the number of atoms exclusive of
hydrogen atoms is preferably from 40 to 10,000 per one
graft chain, more preferably from 100 to 500 per one graft
chain, and still more preferably from 150 to 260 per one
graft chain.

When the number of atoms exclusive of hydrogen atoms
per one graft chain is less than 40, since the graft chin is
short, the steric repulsion effect decreases to result in dete-
rioration of the dispersibility and dispersion stability in some
cases. On the other hand, when the number of atoms
exclusive of hydrogen atoms per one graft chain exceeds
10,000, the graft chain becomes too long and the adsorption
force to the coloring agent may be decreases to result in
deterioration of the dispersibility and dispersion stability in
some cases.

The term “number of atoms exclusive of hydrogen atoms
per one graft chain” as used herein means a number of atoms
exclusive of hydrogen atoms which is included in a portion
from a root atom which connects to a polymer chain
constituting the main chain to a terminal of the branched
polymer which is branched from the main chain. When the
graft polymer contains two or more kinds graft chains, it is
sufficient that a number of atoms exclusive of hydrogen
atoms of at least one kind of the graft chains fulfills the
requirement described above.

As to the polymer structure of the graft chain, a poly
(meth)acryl structure, a polyester structure, a polyurethane
structure, a polyurea structure, a polyamide structure, a
polyether structure or the like can be used. In order to
increase the interaction property of the graft chain with the
solvent and thus to enhance the dispersibility and dispersion
stability, a graft chain having a poly(meth)acryl structure, a
polyester structure or a polyether structure is preferred, and
a graft chain having a polyester structure or a polyether
structure is more preferred.

The graft polymer preferably contains a structural unit
(repeating unit) having the graft chain described above and
can be obtained by performing polymerization of a mac-
romonomer having a polymer structure as a graft chain
according to a conventional method. The structure of mac-
romonomer is not particularly restricted as long as the
macromonomer has a substituent capable of reacting with a
main chain portion of polymer and a graft chain fulfilling the
requirement of the invention. Preferably, a macromonomer
having a reactive double bond group can be suitably used.

Examples of a commercially available macromonomer
which is suitably used for synthesizing the graft copolymer
include AA-6 (produced by Toagosei Co., Ltd.), AA-10
(produced by Toagosei Co., Ltd.), AB-6 (produced by
Toagosei Co., Ltd.), AS-6 (produced by Toagosei Co., [.td.),
AN-6 (produced by Toagosei Co., Ltd.), AW-6 (produced by
Toagosei Co., Ltd.), AA-714 (produced by Toagosei Co.,
Ltd.), AY-707 (produced by Toagosei Co., L.td.), AY-714
(produced by Toagosei Co., Ltd.), AK-5 (produced by
Toagosei Co., Ltd.), AK-30 (produced by Toagosei Co.,
Ltd.), AK-32 (produced by Toagosei Co., L.td.), BLEMMER
PP-100 (produced by NOF Corp.), BLEMMER PP-500
(produced by NOF Corp.), BLEMMER PP-800 (produced
by NOF Corp.), BLEMMER PP-1000 (produced by NOF
Corp.), BLEMMER 55-PET-800 (produced by NOF Corp.).
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BLEMMER PME-4000 (produced by NOF Corp.), BLEM-
MER PSE-400 (produced by NOF Corp.), BLEMMER
PSE-1300 (produced by NOF Corp.) and BLEMMER
43PAPE-600B (produced by NOF Corp.). Among them.
AA-6 (produced by Toagosei Co., Ltd.), AA-10 (produced
by Toagosei Co., Ltd.), AB-6 (produced by Toagosei Co.,
Ltd.), AS-6 (produced by Toagosei Co., L.td.), AN-6 (pro-
duced by Toagosei Co., Ltd.), BLEMMER PME-4000 (pro-
duced by NOF Corp.) or the like is preferred.

The graft polymer for use in the invention contains as a
structural unit having the graft chain described above, pref-
erably at least a structural unit represented by any of
formulae (1) to (4) shown below, more preferably at least a
structural unit represented by any of formulae (1A), (2A),
(BA), (3A) and (4).
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In formulae (1) to (4), X', X% X3?, X* and X° each
independently represents a hydrogen atom or a monovalent
organic group. From the standpoint of restriction on the
synthesis, a hydrogen atom or an alkyl group having from 1
to 12 carbon atoms is preferred, a hydrogen atom or a methyl
group is more preferred, and a methyl group is particularly
preferred.

In formulae (1) to (4), W', W2, W and W* each inde-
pendently represents an oxygen atom or NH, and particu-
larly preferably an oxygen atom.
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In formulae (1) to (4), Y', Y2, Y> and Y* each indepen- -continued
dently represents a divalent connecting group and is not
particularly restricted in its structure. Specific examples
thereof include connecting groups of (Y-1) to (Y-20) shown

bonds to the left terminal group and the right terminal group,
respectively, in formulae (1) to (4). Of the structures shown

(@) OH
below. In the structures shown below, A and B indicate 3 /E/
@]

below, (Y-2) and (Y-13) are preferred in view of ease in O

synthesis.
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In formulae (1) to (4), Z*', Z?, Z* and Z* each indepen-

65 dently represents a hydrogen atom or a monovalent sub-
stituent. The structure of the substituent is not particularly
restricted and specific examples thereof include an alkyl
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group, a hydroxy group, an alkoxy group, an aryloxy group,
a heteroaryloxy group, an alkylthioether group, an arylthio-
ether group, a heteroarylthioether group and an amino
group. Among them, from the standpoint of improvement in
the dispersibility, those having a steric repulsion effect are
preferred, and as the monovalent substituent represented by
any of Z* to Z", an alkyl group having from 5 to 24 carbon
atoms or an alkoxy group having from 5 to 24 carbon atoms
is preferred, and an alkoxy group including a branched alkyl
group having from 5 to 24 carbon atoms or an alkoxy group
including a cyclic alkyl group having from 5 to 24 carbon
atoms is particularly preferred. As the monovalent substitu-
ent represented by Z*, an alkyl group having from 5 to 24
carbon atoms is preferred, and a branched alkyl group
having from 5 to 24 carbon atoms or a cyclic alkyl group
having from 5 to 24 carbon atoms is more preferred.

In formulae (1) to (4), n, m, p and q each represents an
integer from 1 to 500.

In formulae (1) and (2), j and k each independently
represents an integer from 2 to 8. From the standpoint of
dispersion stability, j and k in formulae (1) and (2) each
preferably represents an integer from 4 to 6, and most
preferably represents 5.

In formulae (3). R' represents a branched or strait-chain
alkylene group. R' in formula (3) is preferably an alkylene
group having from 1 to 10 carbon atoms, and more prefer-
ably an alkylene group having from 2 or 3 carbon atoms.

Also, as to R' in formula (3), two or more R's having
different structures may be used as a mixture in the dispers-
ing resin.

In formula (4), R represents a hydrogen atom or a
monovalent organic group. R is not particularly restricted in
its structure and is preferably a hydrogen atom, an alkyl
group, an aryl group or a heteroaryl group, more preferably
a hydrogen atom or an alkyl group. When R is an alkyl
group, the alkyl group is preferably a straight-chain alkyl
group having from 1 to 20 carbon atoms, a branched alkyl
group having from 3 to 20 carbon atoms or a cyclic alkyl
group having from 5 to 20 carbon atoms, more preferably a
straight-chain alkyl group having from 1 to 20 carbon atoms,
and particularly preferably a straight-chain alkyl group
having from 1 to 6 carbon atoms.

As to R in formula (4), two or more Rs having different
structures may be used as a mixture in the dispersing resin.

From the standpoint of dispersion stability, the structural
unit represented by formula (1) is preferably a structural unit
represented by formula (1A) or (2A) shown below.
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In formula (1A), X', Y, Z' and n have the same meanings
as X', Y', Z' and n in formula (1), respectively, and the
preferred ranges are also the same.

In formula (2A), X*, Y, Z* and m have the same
meanings as X2, Y, Z* and m in formula (2), respectively,
and the preferred ranges are also the same.

From the standpoint of dispersion stability, the structural
unit represented by formula (3) is preferably a structural unit
represented by formula (3A) or (3B) shown below.

GA)

(3B)
X3

o
Y3~<O 73
i3

In formula (3A) or (3B), X3, Y?, Z° and p have the same
meanings as X>, Y, Z* and p in formula (3), respectively,
and the preferred ranges are also the same.

The graft polymer is more preferably that containing the
structural unit represented by formula (1A).

In the graft polymer for use in the invention, the content
of the structural unit (repeating unit) having the graft chain
described above is preferably from 10 to 75% by weight,
more preferably from 12 to 50% by weight, particularly
preferably from 15 to 40% by weight, in terms of weight
based on the total weight of the dispersing resin. In the range
described above, the dispersibility and dispersion stability of
the coloring agent are high and the uniformity of thickness
in the coated layer formed using the colored composition
becomes much better. Moreover, the dispersing resin for use
in the invention may be a combination of two or more graft
polymers having different structures.

Further, the dispersing resin according to the invention
may contain, as a structural unit derived from a copolymer-
ization component, other structural unit having various
functions, for example, a structural unit having a functional
group having an affinity to a dispersion medium used in the
dispersion, for the purpose of improving various character-
istics, for example, strength, as long as the effect of the
invention is not impaired.

Examples of the copolymerization components copoly-
merizable in the dispersing resin according to the invention
include a radical polymerizable compound selected from an
acrylic ester, a methacrylic ester, a styrene, acrylonitrile,
methacrylonitrile, an acrylamide and a methacrylamide.
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Specifically, examples thereof include an acrylic ester, for
example, an alkyl acrylate in which the alkyl group is
preferably an alkyl group having from 1 to 20 carbon atoms
(for example, benzyl acrylate, 4-biphenyl acrylate, butyl
acrylate, sec-butyl acrylate, tert-butyl acrylate, 4-tert-butyl-
phenyl acrylate, 4-chlorophenyl acrylate, pentachlorophenyl
acrylate, 4-cyanobenzyl acrylate, cyanomethyl acrylate,
cyclohexyl acrylate, 2-ethoxyethyl acrylate, ethyl acrylate,
2-ethylhexyl acrylate, heptyl acrylate, hexyl acrylate,
isobornyl acrylate, isopropy! acrylate, methyl acrylate, 3,5-
dimethyladamantyl acrylate, 2-naphthyl acrylate, neopentyl
acrylate, octyl acrylate, phenethyl acrylate, phenyl acrylate,
propyl acrylate, tolyl acrylate, amyl acrylate, tetrahydrofur-
furyl acrylate, 2-hydroxyethyl acrylate, 3-hydroxypropyl
acrylate, 2-hydroxypropyl acrylate, 4-hydroxybutyl acry-
late, 5-hydroxypentyl acrylate, allyl acrylate, 2-allyloxy-
ethyl acrylate or propargyl acrylate),

a methacrylic ester, for example, an alkyl methacrylate in
which the alkyl group is preferably an alkyl group having
from 1 to 20 carbon atoms (for example, benzyl methacry-
late, 4-biphenyl methacrylate, butyl methacrylate, sec-butyl
methacrylate, tert-butyl methacrylate, 4-tert-butylphenyl
methacrylate, 4-chlorophenyl methacrylate, pentachloro-
phenyl methacrylate, 4-cyanophenyl methacrylate, cyanom-
ethyl methacrylate, cyclohexyl methacrylate, 2-ethoxyethyl
methacrylate, ethyl methacrylate, 2-ethylhexyl methacry-
late, heptyl methacrylate, hexyl methacrylate, isobornyl
methacrylate, isopropyl methacrylate, methyl methacrylate,
3,5-dimethyladamantyl methacrylate, 2-naphthyl methacry-
late, neopentyl methacrylate, octyl methacrylate, phenethyl
methacrylate, phenyl methacrylate, propyl methacrylate,
tolyl methacrylate, amyl methacrylate, tetrahydrofurfuryl
methacrylate, 2-hydroxyethyl methacrylate, 3-hydroxypro-
pyl methacrylate, 2-hydroxypropyl methacrylate, 4-hy-
droxybutyl methacrylate, S5-hydroxypentyl methacrylate,
allyl methacrylate, 2-allyloxyethyl methacrylate, propargyl
methacrylate, 2-diethylaminoethyl methacrylate or 2-dim-
ethylaminoethyl methacrylate, and

a styrene, for example, styrene, an alkyl styrene (for
example, methylstyrene, dimethylstyrene, trimethylstyrene,
ethylstyrene, diethylstyrene, isopropylstyrene, butylstyrene,
hexylstyrene, cyclohexylstyrene, decylstyrene, benzylsty-
rene, chloromethylstyrene, trifluoromethylstyrene,
ethoxymethylstyrene or acetoxymethylstyrene), an alkoxy
styrene (for example, methoxystyrene, 4-methoxy-3-meth-
ylstyrene or dimethoxystyrene), a halogenated styrene (for
example, chlorostyrene, dichlorostyrene, trichlorostyrene,
tetrachlorostyrene,  pentachlorostyrene,  bromostyrene,
dibromostyrene, iodostyrene, fluorostyrene, trifluorostyrene,
2-bromo-4-trifluoromethylstyrene or 4-fluoro-3-triffuorom-
ethylstyrene), acrylonitrile, and methacrylonitrile.

Of the radical polymerizable compounds, a methacrylic
acid ester, an acrylamide, a methacrylamide and a styrene
are preferably used. Particularly preferred examples include
benzyl methacrylate, tert-butyl methacrylate, 4-tert-buthy-
phenyl methacrylate, pentachlorophenyl methacrylate,
4-cyanophenyl methacrylate, cyclohexyl methacrylate, ethyl
methacrylate, 2-ethylhexyl methacrylate, isobornyl meth-
acrylate, isopropyl methacrylate, methyl methacrylate, 3,5-
dimethyladamantyl methacrylate, 2-naphthyl methacrylate,
neopentyl methacrylate, phenyl methacrylate, tetrahydrofur-
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furyl methacrylate, 2-hydroxyethyl methacrylate, 3-hy-
droxypropyl methacrylate, 2-hydroxypropyl methacrylate,
allyl methacrylate,

acrylamide, N-methylacrylamide, N-isopropylacrylamide,
morpholylacrylamide, piperidylacrylamide, N-tert-buty-
lacrylamide, N-cyclohexylacrylamide, N-phenylacrylamide,
N-naphthylacrylamide. N-hydroxymethylacrylamide, N-hy-
droxyethylacrylamide, N-allylacrylamide, 4-hydroxypheny-
lacrylamide, 2-hydroxyphenylacrylamide, N,N-dimethyl-
acrylamide,  N,N-diisopropylacrylamide, = N,N-di-tert-
butylacrylamide. = N,N-dicyclohexylacrylamide, = N,N-
diphenylacrylamide, N,N-dihydroxyethylacrylamide, N,N-
diallylacrylamide, methacrylamide,
N-methylmethacrylamide, N-isopropylmethacrylamide,
morpholylmethacrylamide, piperidylmethacrylamide,
N-tert-butylmethacrylamide, N-cyclohexylmethacrylamide,
N-phenylmethacrylamide, N-naphthylmethacrylamide,
N-hydroxymethylmethacrylamide, = N-hydroxyethylmeth-
acrylamide, N-allylmethacrylamide, 4-hydroxyphenylmeth-
acrylamide, 2-hydroxyphenylmethacrylamide, N,N-dimeth-
ylmethacrylamide, N,N-diisopropylmethacrylamide, N,N-
di-tert-butylmethacrylamide, N,N-
dicyclohexylmethacrylamide, N,N-phenylmethacrylamide,
N,N-dihydroxyethylmethacrylamide, N,N-diallylmethacryl-
amide,

styrene, methylstyrene, dimethylstyrene, trimethylstyrene,
isopropylstyrene, butylstyrene, cyclohexylstyrene, chlorom-
ethylstyrene, trifluoromethylstyrene, ethoxymethylstyrene,
acetoxymethylstyrene, methoxystyrene, 4-methoxy-3-meth-
ylstyrene, chlorostyrene, dichlorostyrene, trichlorostyrene,
tetrachlorostyrene,  pentachlorostyrene,  bromostyrene,
dibromostyrene, iodostyrene, fluorostyrene, trifluorostyrene,
2-bromo-4-trifluvoromethylstyrene and 4-fluoro-3-trifluo-
romethyl styrene.

The radical polymerizable compounds may be used indi-
vidually or a combination of two or more therecof. The
dispersing resin may or may not contain the radical polym-
erizable compound described above. In the case where the
dispersing resin contains the radical polymerizable com-
pound, the content of the structural unit corresponding to the
radical polymerizable compound in the dispersing resin is
from 0.1 to 50% by weight, particularly preferably from 0.1
to 30% by weight, based on the total weight of the dispersing
resin.

The dispersing resin according to the invention can be
synthesized according to a heretofore known method.
Examples of solvent used in the synthesis of the dispersing
resin include ethylene dichloride, cyclohexanone, methyl
ethyl ketone, acetone, methanol, ethanol, propanol, butanol,
ethylene glycol monomethyl ether, ethylene glycol mono-
ethyl ether, 2-methoxyethyl acetate, 1-methoxy-2-propanol,
1-methoxy-2-propyl acetate, N,N-dimethyl formamide,
N,N-dimethyl acetamide, dimethyl sulfoxide, toluene, ethyl
acetate, methyl lactate and ethyl lactate. The solvents may be
used individually or as a mixture of two or more thereof.

As specific preferred examples of the dispersing resin
according to the invention, Compounds 1 to 27 are set forth
below, but the invention should not be construed as being
limited thereto. In the compounds set forth below, the
numerical value attached to each structural unit (the numeri-
cal value attached to the repeating unit of the main chain)
indicates the content (% by weight: shown as (wt %)) of the
structural unit. The numerical value attached to the repeating
portion of the side chain indicates the number of repetitions
of the repeating portion.
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(wt %)

O

47

50

HN. (0]

T

¢}
Acid value: 163 mg KOH/g

(Wt %)

Acid value: 345 mg KOH/g

(wt %)

O

VNTOWO?;/_/

50

Acid value: 326 mg KOH/g

(Wt %)

OH

Acid value: 326 mg KOH/g
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Compound 1

Compound 2

Compound 3

Compound 4
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Compound 5
30 70 (wt %)
O OH O e}
OH
O
o)\/\ S
40
O OMe
Acid value: 196 mg KOH/g
Compound 6
70 30 (wt %)
O OH O OH
O O HN O O
HO \"/ 20
e} e}
O
Acid value: 141 mg KOH/g
Compound 7
90 10 (wt %)
O ¢}

(6] OH
HN (0]

\”/ 20

(6] (6]

Acid value: 219 mg KOH/g
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Compound 8
0,
o 0 (wt %)
O OH O ¢}
e}
NH e} e}
\”/ 40
¢} ¢}
Acid value: 196 mg KOH/g
Compound 9
25 75 (wt %)
O ¢} O O
P HN (0] e}
A
o™ | o )
OH
e} e}
Acid value: 144 mg KOH/g
Compound 10
25 75 (wt %)
7 | o 0
x
N. HN\”/O wo
( w 15
¢} ¢}
HO,C CO,H
Acid value: 113 mg KOH/g
Compound 11
60 40 (Wt %)
0 0 0 0 —N

\ _/

ofo HN\(LI/OWO -
\ /

HO OH
Acid value: 209 mg KOH/g
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Compound 12
(WE%) oM
30 40 30 |
Si— OMe
0 OH O 0 0 0 \OM
e
HN ¢} ¢}
\”/ A
¢} ¢}
Acid value: 196 mg KOH/g
Compound 13
wt%) o
10 50 40 ”
/\/ P—OH
0 OoH O 0 o 0 \OH
HN O O
Y :
¢} ¢}
Acid value: 296 mg KOH/g
Compound 14
(wt %)
e}
5 50 45 ”
S—OH
0 OH O o] o] N Il
H o
HN e} e}
Y :
¢} O
Acid value: 154 mg KOH/g
Compound 15

30 70 (Wt %)

.

(0] HN (0] (0]
(€] 25
T O
x >:
(0]

HO

O

Acid value: 104 mg KOH/g
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Compound 16
0,
50 50 (Wt A))
O ¢} O O
O O HN e} e}
i Y :
0 ¢} ¢}
HO 7 Z
N J OH
%O
HO
Acid value: 230 mg KOH/g
Compound 17
0,
50 50 (Wt A))
O ¢} O O
e} O HN. O e}
0 \ﬂ/ 55
e} e}
HO
Acid value: 101 mg KOH/g
Compound 18

0
HO,C /\)}\o

(wt %)

50 50
(@) (@] (@) (@]
O O HN (0] (0]
0 \”/ 60

(6] (6]
HO

Acid value: 142 mg KOH/g
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Compound 19

/% " )

O NH O OH
HN e} O
Y :
COH e} e}
Acid value: 82 mg KOH/g
Compound 20
e}
HO,C /\)ko
50 % (Wt %)
O OH O O
0. (0] HN (0] (0]
0 \"/ 60
e} e}
HO
Acid value: 143 mg KOH/g

Compound 21

/%ﬁ /éjj (Wi %)

O NH O O
@\ HN. e}
Co,H \”/
e} e}
Acid value: 82 mg KOH/g

Compound 22

50 50 (Wt %)

L L
he T

HN (6]

| ?_g_/_/
50

O ’_§_/—/
25

COH
Acid value: 96 mg KOH/g
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Compound 23
50 50 (wt %)
¢} O ¢}
e} O HN e} O
T
HO,C e}
Acid value: 101 mg KOH/g
Compound 24
50 50 (wt %)
0 o 0 oj— H
10
HN\]/O
HN
COH
Acid value: 96 mg KOH/g
Compound 25
0,
50 50 (Wt %)
o] o) o] o] -)— H
10
O O
e}
OH
Acid value: 101 mg KOH/g
Compound 26

70 30 (Wt %)

(6] (6]
HN (0] (0]
T :
OH 0 0
2
(6]

Acid value: 125 mg KOH/g
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-continued

35
60 20 (Wt %)
0 OH O 0

Acid value: 391 mg KOH/g

Also, a compound represented by formula (2) is suitably
used as the dispersing resin according to the invention.

Formula (2)
(A2—R*—834—R}—S—R5—P?),

In formula (2), R® represents an (m+n) valent connecting
group, R* and R’ each independently represents a single
bond or a divalent connecting group, A® represents a mon-
ovalent substituent having at least one group selected from
the group consisting of an acid group, a urea group, a
urethane group, a group having a coordinating oxygen atom,
a group having a basic nitrogen atom, an alkyloxycarbonyl

B-15 (1/5 adduct):

e}

HS—CHZ—CHZ—C—O—CHZ\

HS—CH,— CH,—C —0—CHj

COH

COH
B-16 (1/5 adduct):

e}

HS—CHZ—CHZ—C—O—CHZ\

HS—CH,— CH,—C—0—CH}

20

25

30

Compound 27

group, an alkylaminocarbonyl group, a carboxylate group, a
sulfonamido group, a heterocyclic group, an alkoxysilyl
group, an epoxy group, an isocyanate group and a hydroxy
group, when n represents 2 or more, plural A*> may be the
same or different from each other and plural R* may be the
same or different from each other, m represents a positive
number of 8 or less, and n represents from 1 to 9, provided
that m+n is from 3 to 10.

P? represents a polymer chain, when m represents 2 or
more, plural P? may be the same or different from each other
and plural R®> may be the same or different from each other.

Specifically, copolymers of each of B-15 to B-19, B-23
and 13-24 shown below and a (meth)acrylate (for example,
methyl (meth)acrylate or ethyl (meth)acrylate) are exempli-
fied.

(33)
HS—CH,—CH,—C—0—CH, CH,—0—C—Cl,—CH,—SH
\
C
7\
/CH2 CH,—O0—C—CH,—CH,—SH
m—d o
C
/ N\
CH,—O0—C—CH,—CH,—SH
(A-15)
(33)
0 0
HS—CH,—CH,—C—0—CH,  CH,—0—C—Cl,—CH,—SH
\
C
4N
/CH2 CH,—O0—C—CH,—CH,—SH
C/CHZ—O
7\
CH,—O0—C—CH,—CH,—SH
(A-16)

HO,C CO,H
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-continued
B-17 (1/5 adduct):

(33
0 0

HS—CH,—CH,—C—0—CH; CH,—0—C—Cl,—CH,—SH
\
C

/
O /CH2 \CHZ—O—C—CHZ—CHZ—SH
HS—CHZ—CHZ—C—O—CHZ\C/CHZ—O

/
HS— CH,—CH,—C —0——CH, \CHZ—O—C—CHZ—CHZ—SH

(A-17)

A

~ ]
o \_N/—COZH
\__

COH

C3H sNOy
Mol. Wt.: 249.26

B-18 (1/5 adduct):

(33)

HS—CH,—CH,—C—0—CH, /CHZ—O—C—CHZ—CHZ—SH
N\
C
4N
O /CH2 CH,—O0—C—CH,—CH,—SH
HS—CHZ—CHZ—C—O—CHZ\ /CHZ—O o

C

/
HS— CH,—CH,—C —0——CH, \CHZ—O—C—CHZ—CHZ—SH

(A-18)

e}
0 ll
/\( \/\O—Il’—OH
e} OH
B-19 (1/5 adduct):

(33)

HS—CH—CH—C—0—CI, CHy—0—C—CH,—CH—SH
AN
C

/
O /CH2 \CHZ—O—C—CHZ—CHZ—SH
HS— CH,—CH,—C—0—CH, \C/CHZ—O o

/
HS— CH,—CH,—C —O0——CH, \CHZ—O—C—CHZ—CHZ—SH

(A-19)
i

/\[(NX\S%H

¢}
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-continued
B-23 (1/3 adduct):
27
(@] O
HS—CHZ—CHZ—C—O—CHZ\ /CHZ—O—C—CHZ—CHZ—SH
N
HS—CH,—CH,—C—O0—CH) CH;—0—C—CH,—CH,—SH
(@]
(A-15)
CO,H
CO,H
B-24 (1/3.5 adduct):
(33)
O O
HS—CH,—CH,—C—0—CH, /CHZ—O—C—CHZ—CHZ—SH
\
C
7\
/CH2 CH,—0—C—CH,—CH,—SH
HS—CHZ—CHZ—C—O—CHZ\C/CHZ—O
VRN
HS—CH,—CH,—C—0—CH) CH,—0—C—CH,—CH,—SH
(@] (@]
(A-15)
CO,H
CO,H

Further, it is also preferred that the dispersing resin is a
form of a resin (B1) having a repeating unit which has a
group X having a functional group with pKa of 14 or less
and an oligomer chain or polymer chain Y having the
number of atoms of from 40 to 10,000 in the side chain
thereof and also containing a basic nitrogen atom.

Herein, the basic nitrogen atom is not particularly limited
as long as the basic nitrogen atom is a nitrogen atom
showing basicity, but the resin (B1) preferably contains a
structure having a nitrogen atom with a pKb of 14 or less and
more preferably contains a structure having a nitrogen atom
with a pKb of 10 or less.

The basic strength pKb in the present invention refers to
a pKb at a water temperature of 25° C., is one of the indices
to quantitatively represent the intensity of a base, and is the
same as the basicity constant. The basic strength pKb and an
acid strength pKa to be described below have a relationship
of pKb=14-pKa.

The group X having a functional group with a pKa of 14
or less is the same as the group X as described below with
respect to the resin (B).

The oligomer chain or polymer chain Y having the
number of atoms of 40 to 10,000, which the resin (B1) has
in the side chain thereof is also the same as the oligomer
chain or polymer chain Y having the number of atoms of 40
to 10,000 to be described below on the resin (B).

Examples of the resin (B1) include a resin containing a
repeating unit which has a group X having a functional
group with a pKa of 14 or less represented by the following
formula, a repeating unit having the basic nitrogen atom
represented by the following formula and a repeating unit
(corresponding in sequence from the left side of a structure
of' the following repeating unit) which has an oligomer chain

or polymer chain Y having the number of atoms of 40 to
35 10,000, represented by the following formula and the like.

40 * 7
0 OH O 0
45
N
PN
z
00§ o\
HN_ _O 0
\[( .
55
0 0

In the formula, each of X, y, and z represents a polymer-
ization molar ratio of the repeating unit, and it is preferred
that x is 5 to 50, y is 5 to 60, and z is 10 to 90. I represents
a linking number of a polyester chain, is an integer that may
form an oligomer chain or polymer chain having the number
of atoms of 40 to 10,000, and is preferably 70 to 2,000.

The resin (B1) is preferably a resin (B2) having a repeat-
ing unit which contains a nitrogen atom bonded to the group
X having a functional group with a pKa of 14 or less and an

60
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oligomer chain or polymer chain Y which has the number of
atoms of 40 to 10,000 in the side chain thereof.

The resin (B1) is particularly preferably a resin (B)
(hereinafter, suitably referred to as “specific resin”) having
(1) at least one repeating unit containing a nitrogen atom,
selected from the group consisting of a poly(lower alkyle-
neimine)-based repeating unit, a polyallylamine-based
repeating unit, a polydiallylamine-based repeating unit, a
metaxylenediamine-epichlorohydrin polycondensate-based
repeating unit and a polyvinylamine-based repeating, the
repeating unit having a group X that has a functional group
with a pK, of 14 or less, the group X being bonded to the
nitrogen atom, and (ii) an oligomer chain or polymer chain
Y having the number of atoms of 40 to 10,000 in the side
chain thereof.

((@) at least one repeating unit containing a nitrogen atom,
selected from the group consisting of a poly(lower alkyle-
neimine)-based repeating unit, a polyallylamine-based
repeating unit, a polydiallylamine-based repeating unit, a
methxylenediamine-epichlorohydrin polycondensate-based
repeating unit and a polyvinylamine-based repeating unit)

The specific resin has (i) at least one repeating unit
containing a nitrogen atom, selected from the group con-
sisting of a poly(lower alkyleneimine)-based repeating unit,
a polyallylamine-based repeating unit, a polydiallylamine-
based repeating unit, a metaxylenediamine-epichlorohydrin
polycondensate-based repeating unit and a polyvinylamine-
based repeating unit. Accordingly, the adsorptivity on the
surface of the coloring agent is improved and interaction
between coloring agent molecules may also be reduced.

The poly(lower alkyleneime) may be in a chain-shape or
a mesh form.

The number average molecular weight of a main chain
obtained by polymerizing (i) at least one repeating unit
containing a nitrogen atom, selected from the group con-
sisting of a poly(lower alkyleneimine)-based repeating unit,
a polyallylamine-based repeating unit, a polydiallylamine-
based repeating unit, a metaxylenediamine-epichlorohydrin
polycondensate-based repeating unit and a polyvinylamine-
based repeating unit, that is, the number average molecular
weight of a moiety except the oligomer chain or polymer
chain Y moiety of the side chain from the resin (B) is
preferably 100 to 10,000, more preferably 200 to 5,000, and
most preferably 300 to 2,000. The number average molecu-
lar weight of the main chain moiety may be determined from
a proportion of the hydrogen atom integral value of the
terminal group and of the main chain moiety measured by
nuclear magnetic resonance spectroscopy or may be deter-
mined by the measurement of the molecular weight of the
oligomer or polymer containing an amino group as a starting
material.

The repeating unit (i) containing a nitrogen atom is
particularly preferably a poly(lower alkyleneimine)-based
repeating unit or a polyallylamine-based repeating unit.
Meanwhile, in the present invention, the expression “lower”
used in the poly(lower alkyleneimine) indicates that the
number of carbon atoms is 1 to 5, and the lower-alkyle-
neimine represents an alkyleneimine having 1 to 5 carbon
atoms. If this structure is specified, it is preferred that the
specific resin includes a structure having a repeating unit
represented by Formula (I-1) and a repeating unit repre-
sented by Formula (I-2) or a structure having a repeating unit
represented by Formula (II-1) and a repeating unit repre-
sented by Formula (II-2).
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(Repeating Unit Represented by Formula (I-1) and
Repeating Unit Represented by Formula (I-2))

A repeating unit represented by Formula (I-1) and a
repeating unit represented by Formula (I-2) as preferred
constituting components of the specific resin of the present
invention will be described in detail.

Formula (I-1)
*—HCR1R2>H—I|H—*

X
Formula (I-2)
FECRR =N

Y

In Formula (I-1) and Formula (I-2), each of R! and R?
independently represents a hydrogen atom, a halogen atom
or an alkyl group. Each of a’s independently represents an
integer of 1 to 5. * represents a linking portion between the
repeating units.

X represents a group having a functional group with a pKa
of 14 or less.

Y represents an oligomer chain or polymer chain having
the number of atoms of 40 to 10,000.

It is preferred that the specific resin has a repeating unit
represented by Formula (I-3) in addition to a repeating unit
represented by Formula (I-1) or Formula (I-2), as a copo-
lymerization component. By using these repeating units in
combination, the dispersion performance is further
improved when the resin is used as a dispersant of the
coloring agent.

Formula (I-3)

*—F(CR'R?), —NH; ="
¥y

In Formula (I-3), *, R*, R? and a are the same as those of
Formula (I-1).

Y' represents an oligomer chain or polymer chain having
an anion group, which has the number of atoms of 40 to
10,000.

It is possible to form the repeating unit represented by
Formula (I-3) by performing a reaction by adding an oli-
gomer or polymer having a group, which reacts with an
amine to form a salt, to a resin having a primary or
secondary amino group in the main chain moiety thereof.

In Formula (I-1), Formula (I-2) and Formula (I-3), R and
R? are particularly preferably a hydrogen atom. a is prefer-
ably 2 from the viewpoint of availability of starting mate-
rials.

The specific resin may include a lower alkyleneimine as
a repeating unit, in addition to the repeating units repre-
sented by Formula (I-1), Formula (I-2) and Formula (I-3).
As described above, the lower alkyleneimine represents an
alkyleneimine having 1 to 5 carbon atoms. The specific resin
may or may not contain such a lower alkyleneimine repeat-
ing unit, but when the specific resin contains a lower
alkyleneimine repeating unit, the lower alkyleneimine
repeating unit is contained in an amount of preferably 1% by
mole to 70% by mole, and most preferably 3% by mole to
50% by mole, based on the entire repeating unit included in
the specific resin. Meanwhile, to the nitrogen atom in such
a lower alkyleneimine repeating unit, the group represented
by X, Y, or Y' may also be bonded. A resin which includes
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both the repeating unit having a group represented by X
bonded thereto and the repeating unit having Y bonded
thereto in the main chain structure is also included in the
specific resin.

The repeating unit represented by Formula (I-1) is a
repeating unit containing a nitrogen atom to which a group
X having a functional group with a pKa of 14 or less is
bonded, and the repeating unit containing a nitrogen atom is
contained in an amount of preferably 1% by mole to 80% by
mole, and most preferably 3% by mole to 50% by mole,
based on the entire repeating units included in the specific
resin, from the viewpoint of storage stability.

The repeating unit represented by Formula (I-2) is a
repeating unit which has an oligomer chain or polymer chain
having the number of atoms of 40 to 10,000, and the
repeating unit is contained in an amount of preferably 10%
by mole to 90% by mole, and most preferably 30% by mole
to 70% by mole, based on the entire repeating units of the
specific resin, from the viewpoint of storage stability.

Upon reviewing both the content ratios, the molar ratio of
the repeating units (I-1):(I-2) is preferably 10:1 to 1:100, and
more preferably 1:1 to 1:99, from the viewpoint of disper-
sion stability and balance of hydrophilicity/hydrophobicity.

Meanwhile, the repeating unit represented by Formula
(I-3), which is used in combination, as desired, is a repeating
unit in which a partial structure including an oligomer chain
or polymer chain having the number of atoms of 40 to
10,000 is ionically bonded to a nitrogen atom of the main
chain, and is contained in an amount of preferably 0.5% by
mole to 20% by mole and most preferably 1% by mole to
10% by mole, based on the entire repeating units of the
specific resin, from the viewpoint of the effect.

Meanwhile, the ionic bond of the polymer chain Y may be
confirmed by infrared spectroscopy, or base titration.

(Repeating Unit Represented by Formula (II-1) and
Repeating Unit Represented by Formula (I11-2))

A repeating unit represented by Formula (II-1) and a
repeating unit represented by Formula (II-2) as other pre-
ferred constituting components of the specific resin will be
described in detail.

Formula (II-1)
x—F CRPR*—CH+—=

CRR®

NH

X
Formula (II-2)
*—[—CR3R4—TH-]—*

CRR®

NH

Y

In Formula (II-1) and Formula (II-2), each of R*, R*, R®
and R® independently represents a hydrogen atom, a halogen
atom and an alkyl group. *, X, and Y are the same as *, X,
and Y in Formula (I-1) and Formula (I-2).

It is preferred that the specific resin includes a repeating
unit represented by Formula (I1-3) in addition to the repeat-
ing unit represented by Formula (II-1) and the repeating unit
represented by Formula (II-2), as a copolymerization com-
ponent. By using these repeating units in combination, the
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dispersion performance is further improved when the resin
is used as a dispersant of the coloring agent.

Formula (II-3)
*—{—CR3R4—TH-]—*

CRR®

NH,"
'y

In Formula (II-3), *, R®, R* R> and R® are the same as
those of Formula (II-1). Y' are the same as Y' in Formula
1-3).

In Formula (I1I-1), Formula (II-2) and Formula (II-3), R?,
R* R® and R® are preferably a hydrogen atom from the
viewpoint of availability of starting materials.

Formula (II-1) is a repeating unit containing a nitrogen
atom to which a group X having a functional group with a
pKa of 14 or less is bonded, and the repeating unit contain-
ing a nitrogen atom is contained in an amount of preferably
1% by mole to 80% by mole, and most preferably 3% by
mole to 50% by mole, based on all of the repeating units
included in the specific resin, from the viewpoint of storage
stability.

Formula (II-2) is a repeating unit which has an oligomer
chain or polymer chain Y having the number of atoms of 40
to 10,000, and the repeating unit is contained in an amount
of preferably 10% by mole to 90% by mole and most
preferably 30% by mole to 70% by mole, based on all of the
repeating units of the specific resin, from the viewpoint of
storage stability.

Upon reviewing both the content ratios, the molar ratio of
the repeating units (II-1):(II-2) is preferably 10:1 to 1:100,
and more preferably 1:1 to 1:10, from the viewpoint of
dispersion stability and balance of hydrophilicity/hydropho-
bicity.

The repeating unit represented by Formula (II-3), which
is used in combination, as desired, is contained in an amount
of preferably 0.5% by mole to 20% by mole, and most
preferably 1% by mole to 10% by mole, based on all of the
repeating units of the resin of the present invention.

In the specific resin, it is most preferred to include
particularly both a repeating unit represented by Formula
(I-1) and a repeating unit represented by Formula (I-2) from
the view point of dispersibility.

<Group X Having Functional Group with pKa of 14 or
Less>

X has a functional group with a pKa of 14 or less at a
water temperature of 25° C. The “pKa” as mentioned herein
is the definition as described in Chemical Handbook (II) (4
Revised Edition, 1993, edited by The Chemical Society of
Japan, Maruzen Co., Ltd.).

The “functional group with a pKa of 14 or less” is not
particularly limited in structure and the like as long as the
physical properties thereof satisfy this condition, and
examples thereof include known functional groups with a
pKa satisfying the above-described range, but a functional
group having a pKa of 12 or less is particularly preferred and
a group having a pKa of 11 or less is most preferred. Specific
examples thereof include carboxylic acid (pKa of approxi-
mately 3 to 5), sulfonic acid (pKa of approximately -3 to
-2), —COCH,CO— (pKa of approximately 8 to 10),
—COCH,CN (pKa of approximately 8 to 11), —CON-
HCO—, a phenolic hydroxyl group, —R.CH,OH or
—(Rz),CHOH (R represents a perfluoroalkyl group. pKa
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of approximately 9 to 11), a sulfonamide group (pKa of
approximately 9 to 11) and the like, and carboxylic acid
(pKa of approximately 3 to 5), sulfonic acid (pKa of
approximately -3 to -2), and —COCH,CO— (pKa of
approximately 8 to 10) are particularly preferred.

The pKa of a functional group in the group X is 14 or less,
and thus, interaction between the group and the coloring
agent may be achieved.

It is preferred that the group X having a functional group
with a pKa of 14 or less is directly bonded to a nitrogen atom
in the repeating unit containing the nitrogen atom, but the
nitrogen atom of the repeating unit containing the nitrogen
atom and the group X may be linked through covalent
bonding as well as through ionic bonding to form a salt.

It is particularly preferred that the group X containing a
functional group with a pKa of 14 or less in the present
invention has a structure represented by Formula (V-1),
Formula (V-2), or Formula (V-3).

Formula (V-1)

e}
—(JJ-)d— U—COH
Formula (V-2)
e}
—(JJ-)— U—=80O;H
e
Formula (V-3)
e}

.

In Formula (V-1) and Formula (V-2), U represents a single
bond or a divalent linking group.

Each of d and e independently represents O or 1.

In Formula (V-3), Q represents an acyl group or an
alkoxycarbonyl group.

Examples of the divalent linking group represented by U
include alkylene (more specifically, for example, —CH,—,
—CH,CH,—, —CH,CHMe-, —(CH,)s—, —CH,CH(n-
C,oH,,)— and the like), an oxygen-containing alkylene
(more specifically, for example, —CH,OCH,—,
—CH,CH,OCH,CH,— and the like), an arylene group (for
example, phenylene, tolylene, biphenylene, naphthylene,
furanylene, pyrrolylene and the like), alkyleneoxy (for
example, ethyleneoxy, propyleneoxy, phenyleneoxy and the
like), an alkenylene group (for example, a vinylene group)
and the like. Among them, an alkylene group having 1 to 30
carbon atoms, or an arylene group having 6 to 20 carbon
atoms is particularly preferred, and alkylene having 1 to 20
carbon atoms, alkenylene having 2 to 20 carbon atoms or
arylene having 6 to 15 carbon atoms is most preferred.
Further, from the viewpoint of productivity, d is preferably
1, and e is preferably O.

Q represents an acyl group or an alkoxycarbonyl group.
As the acyl group in Q, an acyl group having 1 to 30 carbon
atoms (for example, formyl, acetyl, n-propanoyl, benzoyl
and the like) is preferred, and acetyl is particularly preferred.
As the alkoxycarbonyl group in Q, an alkoxycarbonyl group
having 2 to 30 carbon atoms (for example, a methoxycar-
bonyl group, an ethoxycarbonyl group, n-propoxycarbonyl
group and the like) is preferred. As Q, an acyl group is
particularly preferred, and an acetyl group is preferred from
the viewpoint of ease in preparation and availability of
starting materials (precursor X' of X).
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The group X in the present invention is preferably bonded
to a nitrogen atom of the repeating unit that contains the
nitrogen atom. By such a state, the dispersibility and dis-
persion stability of the coloring agent is drastically
improved. The reason is not clear, but it is thought as
follows. That is, it is thought that the nitrogen atom of the
repeating unit containing the nitrogen atom exists as a
structure of an amino group, an ammonium group or an
amide group, and the groups have interaction, such as
hydrogen bonding and ionic bonding, with an acidic portion
on the coloring agent surface, to be adsorbed to each other.
In addition, the X in the present invention functions as an
acid group, and thus, may show stronger interaction when
the coloring agent shows basicity. That is, it is thought that
the specific resin may adsorb both the basic portion and the
acidic portion of the coloring agent with the nitrogen atom
and the group X, such that the adsorption capacity is
increased, thereby drastically improving the dispersibility
and storage stability.

Furthermore, it is thought that the X in the present
invention imparts the solvent solubility to suppress resins
from being precipitated over time, thereby contributing to
dispersion stability.

The content of the functional group with a pKa of 14 or
less in X is not particularly limited, but is preferably 0.01
mmol to 5 mmol, and most preferably 0.05 mmol to 1 mmol,
based on 1 g of the specific resin. Within this range, the
dispersibility and dispersion stability of the coloring agent
are improved.

(Oligomer Chain or Polymer Chain Y Having Number of
Atoms of 40 to 10,000)

Examples of Y include known polymer chains such as
polyester, polyamide, polyimide and poly(meth)acrylic acid
ester, which may be linked to the main chain moiety of the
specific resin. The binding site of Y to the specific resin is
preferably a terminal end of the oligomer chain or polymer
chain Y.

Y is preferably bonded to a nitrogen atom of at least one
repeating unit containing the nitrogen atom, selected from a
poly(lower alkyleneimine)-based repeating unit, a polyally-
lamine-based repeating unit, a polydiallylamine-based
repeating unit, a methxylenediamine-epichlorohydrin poly-
condensate-based repeating unit and a polyvinylamine-
based repeating unit. The bonding mode between Y and the
main chain moiety such as at least one repeating unit
containing a nitrogen atom, selected from a poly(lower
alkyleneimine)-based repeating unit, a polyallylamine-based
repeating unit, a polydiallylamine-based repeating unit, a
metaxylenediamine-epichlorohydrin polycondensate-based
repeating unit and a polyvinylamine-based repeating unit is
covalent bonding, ionic bonding, or a combination of cova-
lent bonding and ionic bonding. The ratio of the bonding
modes of Y and the main chain moiety is in a range of
covalent bonding:ionic bonding=100:0 to 0:100, but is pref-
erably 95:5 to 5:95 and most preferably 90:10 to 10:90.
When the ratio is out of the range, the dispersibility and
dispersion stability are deteriorated and the solvent solubil-
ity is also decreased.

To the nitrogen atom of the repeating unit that contains the
nitrogen atom, Y is preferably amide-bonded, or ionically
bonded as carboxylate.

The number of atoms of the oligomer chain or polymer
chain Y is preferably 50 to 5,000, and more preferably 60 to
3,000, from the viewpoint of dispersibility and dispersion
stability.

When the number of atoms per the oligomer chain or
polymer chain Y is less than 40, the graft chain is short, and
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thus the steric repulsive effect is decreased, resulting in
reducing the dispersibility. Meanwhile, when the number of
atoms per the oligomer chain or polymer chain Y exceeds
10,000, the oligomer chain or polymer chain Y is too long,
and thus adsorptivity to the coloring agent is decreased,
resulting in reducing the dispersibility.

Further, the number average molecular weight of Y may
be measured by a polystyrene converted value by a GPC
method. The number average molecular weight of Y is
particularly preferably 1,000 to 50,000, and most preferably
1,000 to 30,000 from the viewpoint of dispersibility and
dispersion stability.

Preferably two or more, and most preferably five or more
of the side chain structures represented by Y are bonded to
the main chain linkage in one molecule of the resin.

In particular, Y preferably has a structure represented by
Formula (III-1).

Formula (III-1)
e}

1,

In Formula (III-1), Z is a polymer or oligomer having a
polyester chain as a partial structure, and represents a
residue except the carboxyl group from a polyester having a
free carboxyl acid represented by the following Formula
av.

Formula (IV)
e}

HOJJ—Z

In Formula (IV), Z is the same as Z in Formula (III-1).

When the specific resin contains a repeating unit repre-
sented by Formula (I-3) or Formula (II-3), Y* is preferably
Formula (I1I-2).

Formula (1II-2)
e}

In Formula (III-2), Z is the same as Z in Formula (II1-1).

A polyester having a carboxyl group at one end (polyester
represented by Formula (IV)) may be obtained by polycon-
densation (IV-1) of carboxylic acid and lactone, polycon-
densation (IV-2) of a hydroxy group-containing carboxylic
acid, polycondensation (IV-3) of a dihydric alcohol and a
divalent carboxylic acid (or a cyclic acid anhydride) and the
like.

The carboxylic acid used in the polycondensation reaction
(IV-1) of carboxylic acid and lactone may be an aliphatic
carboxylic acid (preferably straight chained or branched
carboxylic acid having 1 to 30 carbon atoms, for example,
formic acid, acetic acid, propionic acid, butyric acid, valeric
acid, n-hexanoic acid, n-octanoic acid, n-decanoic acid,
n-dodecanoic acid, palmitic acid, 2-ethylhexanoic acid,
cyclohexanoic acid and the like), a hydroxy group-contain-
ing carboxylic acid (preferably a straight chained or
branched hydroxy group-containing carboxylic acid having
1 to 30 carbon atoms, for example, glycolic acid, lactic acid,
3-hydroxypropionic acid, 4-hydroxydodecanoic acid, 5-hy-
droxydodecanoic acid, ricinoleic acid, 12-hydroxydode-
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canoic acid, 12-hydroxystearic acid and 2,2-bis(thydroxym-
ethyl)butyric acid and the like), but particularly preferably a
straight chained aliphatic carboxylic acid having 6 to 20
carbon atoms or a hydroxy group-containing carboxylic acid
having 1 to 20 carbon atoms. These carboxylic acids may be
used in a mixture thereof. As the lactone, a known lactone
may be used, and examples thereof include p-propiolactone,
[-butyrolactone, y-butyrolactone, y-hexanolactone, y-oc-
tanolactone, d-valerolactone, d-hexanolactone, §-octanolac-
tone, e-caprolactone, d-dodecanolactone, a-methyl-y-buty-
rolactone and the like, and e-caprolactone is particularly
preferred from the viewpoint of reactivity and availability.

These lactones may be used in a mixture of plural kinds
thereof.

The feed molar ratio of the carboxylic acid and the lactone
at the time of the reaction depends on the molecular weight
of a target polyester chain, and thus may not be exclusively
determined, but is preferably carboxylic acid:lactone=1:1 to
1:1,000, and most preferably 1:3 to 1:500.

The hydroxy group-containing carboxylic acid in the
polycondensation (IV-2) of the hydroxy group-containing
carboxylic acid is the same as the hydroxy group-containing
carboxylic acid in (IV-1), and the preferred ranges thereof
are also the same.

The dihydric alcohol in the polycondensation reaction
(IV-3) of the dihydric alcohol and divalent carboxylic acid
(or cyclic acid anhydride) may be a straight chained or
branched aliphatic diol (preferably a diol having 2 to 30
carbon atoms, for example, ethylene glycol, diethylene
glycol, triethylene glycol, dipropylene glycol, 1,2-propane-
diol, 1,3-propanediol, 1,5-pentanediol, 1,6-hexanediol, 1,8-
octanediol and the like), and particularly preferably an
aliphatic diol having 2 to 20 carbon atoms.

Examples of the divalent carboxylic acid include a
straight chained or branched divalent aliphatic carboxylic
acid (preferably a divalent aliphatic carboxylic acid having
1 to 30 carbon atoms, for example, succinic acid, maleic
acid, adipic acid, sebacic acid, dodecanoic diacid, glutaric
acid, suberic acid, tartaric acid, oxalic acid, malonic acid and
the like), and a divalent carboxylic acid having 3 to 20
carbon atoms is particularly preferred. Further, acid anhy-
dride (for example, succinic anhydride, glutaric anhydride
and the like), which are equivalent to these divalent carbox-
ylic acids, may also be used.

The divalent carboxylic acid and the dihydric alcohol are
preferably fed at a molar ratio of 1:1. Accordingly, it is
possible to introduce carboxylic acid into a terminal end.

The polycondensation at the time of preparation of poly-
ester is preferably carried out with the addition of a catalyst.
The catalyst is preferably a catalyst which functions as a
Lewis acid, and examples thereof include a Ti compound
(for example, Ti(OBu),, Ti(O-Pr), and the like), an Sn
compound (for example, tin octylate, dibutyltin oxide, dibu-
tyltin laurate, monobutyltin hydroxybutyl oxide, stannic
chloride and the like), protonic acid (for example, sulfuric
acid, paratoluenesulfonic acid and the like) and the like. The
amount of the catalyst is preferably 0.01% by mole to 10%
by mole, and most preferably 0.1% by mole to 5% by mole,
based on the number of moles of all of the monomers. The
reaction temperature is preferably 80° C. to 250° C. and
most preferably 100° C. to 180° C. The reaction time varies
depending on the reaction condition, but is usually 1 hour to
24 hours.

The number average molecular weight of the polyester
may be measured by a polystyrene converted value by a
GPC method. The number average molecular weight of the
polyester is 1,000 to 1,000,000, preferably 2,000 to 100,000,



US 9,442,373 B2

49
and most preferably 3,000 to 50,000. When the molecular
weight is within the range, the dispersibility is more
improved.

The polyester partial structure forming a polymer chain in
Y is preferably polyester, obtained by particularly the poly-
condensation (IV-1) of carboxylic acid and lactone, and the
polycondensation (IV-2) of a hydroxy group-containing
carboxylic acid, from the viewpoint of ease in preparation.

The specific embodiments [(A-1) to (A-61)] of the spe-
cific resin are shown below by the specific structures of the
repeating units which the resin has and the combinations
thereof, but the present invention is not limited thereto. In
the following formulas, each of k, 1, m, and n represents a
polymerization molar ratio of the repeating unit, k is 1 to 80,
1is 10 to 90, m is O to 80, n is 0 to 70, and also
k+l4m+n=100. p and q represent a linking number of a
polyester chain, and each of p and q independently repre-
sents 5 to 100,000. R' represents a hydrogen atom or an
alkylcarbonyl group.

*—(—CHZCHZ—Il\I-)k—*
X

®
*—¢ CHCH— N —
o
OO‘(J\/\/\/Oj_Rl
i3
#— CH,CH,—N+—

(O)\/\/\/OZ_RI

* —tCHCH — N —»

X
(A-1) 0
JK/\COZH
(A-2) O
J\/\/COZH
(A-3) 0
Jk//\COZH
Me
(A-4) O
Jk//\COZH
C3H17-H
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In order to synthesize the specific resin, the specific resin
may be prepared by (1) a method for reacting a resin having
a primary or secondary amino group, a precursor x of X and

a precursor y of Y, (2) a method by polymerizing a monomer s5s

containing X and a macromonomer containing Y, and the
like, but the specific resin is preferably prepared by first
synthesizing a resin having a primary or secondary amino
group in the main chain, and then allowing the resin to
undergo a reaction with the precursor x of X and the
precursor y of Y to introduce the reaction products into a
nitrogen atom present in the main chain by a polymer
reaction.

Examples of the resin having a primary or secondary
amino group include an oligomer or polymer containing a
primary or secondary amino group, which constitutes the
main chain moiety having a nitrogen atom, and for example,
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poly(lower alkyleneimine), polyallylamine, polydiallylam-
ine, a metaxylenediamine-epichlorohydrin polycondensate,
polyvinylamine and the like. Among them, an oligomer or
polymer including poly(lower alkyleneimine) or polyally-
lamine is preferred.

The precursor x of the group X having a functional group
with a pKa of 14 or less represents a compound which may
react with the resin having a primary or secondary amino
group to introduce X into the main chain.

Examples of the x include a cyclic carboxylic anhydride
(a cyclic carboxylic anhydride having 4 to 30 carbon atoms
is preferred, and for example, succinic anhydride, glutaric
anhydride, itaconic anhydride, maleic anhydride, allylsuc-
cinic anhydride, butylsuccinic anhydride, n-octylsuccinic
anhydride, n-decylsuccinic anhydride, n-dodecylsuccinic
anhydride, n-tetradecylsuccinic anhydride, n-dococenylsuc-
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cinic anhydride, (2-hexen-1-yl)succinic anhydride, (2-meth-
ylpropen-1-yl)succinic anhydride, (2-dodecen-1-yl)succinic
anhydride, n-octenyl succinic anhydride, (2,7-octanedien-1-
yDsuccinic anhydride, acetylmalic anhydride, diacetyltar-
taric anhydride, hetic anhydride, cyclohexane-1,2-dicarbox-
ylic anhydride, 3- or 4-methylcyclohexane-1,2-dicarboxylic
anhydride, tetrafluorosuccinic anhydride, 3- or 4-cyclohex-
ene-1,2-dicarboxylic anhydride, 4-methyl-4-cyclohexene-1,
2-dicarboxylic anhydride, phthalic anhydride, tetrachlo-
rophthalic anhydride, naphthalic anhydride, bicyclo[2.2.2]
oct-7-ene-2,3,5,6-tetracarboxylic dianhydride, pyromellitic
dianhydride, meso-butane-1,2,3,4-tetracarboxylic dianhy-
dride, 1,2,3,4-cyclopentane carboxylic dianhydride and the
like), halogen atom-containing carboxylic acid (for
example, chloroacetic acid, bromoacetic acid, iodoacetic
acid, 4-chloro-n-butyric acid and the like), sultone (for
example, propanesultone, 1,4-butanesultone and the like),
diketone, a cyclic sulfocarboxylic acid anhydride (for
example, 2-sulfobenzoic acid anhydride and the like), a
—COCH,COCl-containing compound (for example, ethyl-
malonyl chloride and the like), or a cyano acetic acid
chloride and the like, and a cyclic carboxylic acid anhydride,
sultone and diketone are particularly preferred from the
viewpoint of productivity.

The precursor y of the oligomer chain or polymer chain Y
having the number of atoms of 40 to 10,000 represents a
compound which may react with resin having a primary or
secondary amino group to introduce the oligomer chain or
polymer chain Y.

The y is preferably an oligomer or polymer having the
number of atoms of 40 to 10,000 and having a group, that
may be covalently or ionically bonded to a nitrogen atom of
the specific resin, at a terminal end, and particularly, an
oligomer or polymer having the number of atoms of 40 to
10,000 and having a free carboxyl group at one end is most
preferred.

Examples of y include a polyester represented by Formula
(IV), which has a free carboxyl acid at one end, a polyamide
which has a free carboxyl acid at one end, a poly(meth)
acrylic acid-based resin which has a free carboxyl acid at
one end and the like, but particularly, a polyester represented
by Formula (IV), which contains a free carboxyl acid at one
end, is most preferred.

The y may be synthesized by a known method, for
example, a polyester containing a free carboxyl acid at one
end, which is represented by Formula (IV) is formed by the
polycondensation (IV-1) of carboxylic acid and lactone, the
polycondensation (IV-2) of a hydroxy group-containing
carboxylic acid or the polycondensation (IV-3) of a dihydric
alcohol and a divalent carboxylic acid (or a cyclic acid
anhydride) as described above. The polyamide containing a
free carboxyl acid at one end may be prepared by self-
condensation of an amino group-containing carboxylic acid
(for example, glycine, alanine, -alanine, 2-aminobutyric
acid and the like) and the like. The poly(meth)acrylic acid
ester having a free carboxyl acid at one end may be prepared
by radical polymerization of (meth)acrylic acid-based
monomers in the presence of a carboxyl group-containing
chain transfer agent (for example, 3-mercaptopropionic acid
and the like).

The specific resin may be prepared by (a) a method in
which a resin having a primary or secondary amino group,
x and y are simultaneously reacted with each other, (b) a
method in which a resin having a primary or secondary
amino group is first reacted with x, and then reacted with y
or (¢) a method in which a resin having a primary or
secondary amino group is first reacted with y, and then
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reacted with x. In particular, (¢) a method in which a resin
having a primary or secondary amino group is first reacted
with y, and then reacted with x is preferred.

The reaction temperature may be suitably selected accord-
ing to the conditions, but is preferably 20° C. to 200° C., and
most preferably 40° C. to 150° C. The reaction time is
preferably 1 hour to 48 hours, and more preferably 1 hour to
24 hours from the viewpoint of productivity.

The reaction may be carried out in the presence of a
solvent. Examples of the solvent include water, a sulfoxide
compound (for example, dimethylsulfoxide and the like), a
ketone compound (for example, acetone, methyl ethyl
ketone, cyclohexanone and the like), an ester compound (for
example, ethyl acetate, butyl acetate, ethyl propionate, pro-
pylene glycol 1-monomethyl ether 2-acetate and the like), an
ether compound (for example, diethyl ether, dibutyl ether,
tetrahydrofuran and the like), an aliphatic hydrocarbon com-
pound (for example, pentane, hexane and the like), an
aromatic hydrocarbon compound (for example, toluene,
xylene, mesitylene and the like), a nitrile compound (for
example, acetonitrile, propionitrile and the like), an amide
compound (for example, N,N-dimethyl formamide, N,N-
dimethylacetamide, N-methylpyrrolidone and the like), a
carboxylic acid compound (for example, acetic acid, propi-
onic acid and the like), an alcohol compound (for example,
methanol, ethanol, isopropanol, n-butanol, 3-methyl buta-
nol, 1-methoxy-2-propanol and the like) and a halogen-
based solvent (for example, chloroform, 1,2-dichloroethane
and the like).

When a solvent is used, the solvent is preferably used at
0.1 times by mass to 100 times by mass, and most preferably
0.5 times by mass to 10 times by mass, based on a substrate.

The specific resin may be purified by a reprecipitation
method. When the specific resin obtained by removing low
molecular weight components by the reprecipitation method
is used as a dispersant, the dispersion performance is
improved.

For the reprecipitation, a hydrocarbon-based solvent such
as hexane and an alcohol-based solvent such as methanol are
preferably used.

Hereinafter, specific examples of the specific resin will be
described along with the molecular weights thereof. R'
represents an alkyl group.
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The binder resin may be added in the preparation of
pigment dispersion liquid in many cases and it is not
requested to be alkali-soluble and it is sufficient to be soluble
in an organic solvent.
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The binder resin is a linear organic polymer and is
preferably soluble in an organic solvent. Examples of such
a linear organic polymer include a polymer having a car-
boxylic acid in its side chain, for example, a methacrylic
acid copolymer, an acrylic acid copolymer, an itaconic acid
copolymer, a crotonic acid copolymer, a maleic acid copo-
lymer, a partially esterified maleic acid copolymer as
described in JP-B-59-44615 (the term “JP-B” as used herein
means an “examined Japanese patent publication”), JP-B-
54-34327, JP-B-58-12577, JP-B-54-25957, JP-A-59-53836
and JP-A-59-71048. Also, an acidic cellulose derivative
having a carboxylic acid in its side chain is useful.

Of the binders, a polyhydroxystyrene resin, a polysilox-
ane resin, an acrylic resin, an acrylamide resin or an acryl/
acrylamide copolymer resin is preferred, and an acrylic
resin, an acrylamide resin or an acryl/acrylamide copolymer
resin is more preferred.

As the acrylic resin, a copolymer comprising a monomer
selected, for example, from benzyl (meth)acrylate, (meth)
acrylic acid, hydroxyethyl (meth)acrylate and (meth)acryl-
amide, for example, benzyl methacrylate/methacrylic acid
copolymer, benzyl methacrylate/benzylmethacrylamide
copolymer, KS RESIST-106 (produced by Osaka Organic
Chemical Industry [td.) CYCLOMER P Series (produced
by Daicel Chemical Industries, [.td.) or ACA230AA (pro-
duced by Daicel Chemical Industries, [.td.) is preferred.

By dispersing the coloring agent described above at high
concentration in the binder, an adhesion property to an under
layer or the like is impaired and the binder contributes to a
surface state of layer at spin coat or slit coat (formation of
colored layer).

The weight average molecular weight (measured by a
GPC method and calculated in terms of polystyrene) of the
resin according to the invention is preferably from 5,000 to
300,000, more preferably from 7,000 to 100,000, and par-
ticularly preferably from 10,000 to 50,000.

The resins may be used individually or in combination of
two or more thereof in the colored composition according to
the invention.

Further, as the resin, a polymer compound in the curable
compound described hereinafter or a polymer compound in
the surfactant described hereinafter is also exemplified.

The content of the resin is preferably in a range from 10
to 50% by weight, more preferably in a range from 11 to
40% by weight, still more preferably in a range from 12 to
30% by weight, based on the total solid content of the
colored composition according to the invention.

[3] Curable Compound

The colored composition according to the invention pref-
erably contains at least one kind of curable compound.

As the curable compound, a compound capable of per-
forming film curing by heating is preferred and, for example,
a compound having a heat-curable functional group can be
used. The heat-curable functional group is preferably at least
one group selected from an epoxy group, a methylol group,
an alkoxymethyl group, an acyloxymethyl group, a (meth)
acryloyl group, an isocyanate group, a vinyl group and a
mercapto group. The heat-curable compound is more pref-
erably that having two or more heat-curable functional
groups in the molecule thereof.

More preferably, an epoxy resin, an alkoxymethylated or
acyloxymethylated melamine compound or resin, an
alkoxymethylated or acyloxymethylated urea compound or
resin, a hydroxymethylated or alkoxymethylated phenol
compound or resin and an alkoxymethyl etherified phenol
compound or resin are exemplified.
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The curable compound particularly preferred includes a
phenol derivative having a molecular weight of 1,200 or
less, containing from three to five benzene rings in the
molecule and further having two or more hydroxymethyl
groups or alkoxymethyl groups in total, wherein the
hydroxymethyl groups or alkoxymethyl groups are con-
nected collectively to any one of the benzene rings, or
separately to the benzene rings. By using such a phenol
derivative, the effects of the invention are more remarkably
achieved. The alkoxymethyl group connected to the benzene
ring is preferably an alkoxymethyl group having 6 or less
carbon atoms, specifically, for example, a methoxymethyl
group, an ethoxymethyl group, an n-propoxymethyl group,
an isopropoxymethyl group, an n-butoxymethyl group, an
isobutoxymethyl group, a sec-butoxymethyl group or a
tert-butoxymethyl group. An alkoxy-substituted alkoxy
group, for example, 2-methoxyethoxy group or 2-methoxy-
1-propoxy group is also preferred.

L 1
HO l HO l OH
LZ
OH
L. 4
HO 'I li OH
L2 L3

HO on
LZ \ LS
e
=
x

L3 4
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The curable compound is preferably a phenol compound
containing a benzene ring in the molecule thereof, more
preferably a phenol compound containing two or more
benzene rings in the molecule thereof, and is preferably a
phenol compound containing no nitrogen atom.

The curable compound is preferably a phenol compound
having from 2 to 8 heat-curable functional groups in the
molecule thereof, and more preferably a phenol compound
having from 3 to 6 heat-curable functional groups in the
molecule thereof.

Of the phenol derivatives, particularly preferred com-
pounds are set forth below. In the formulae, L' to L®, which
may be the same or different, each represents a heat-curable
functional group, preferably a hydroxymethyl group, a
methoxymethyl group or an ethoxymethyl group.
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As to the curable compound, a commercially available
compound may be used or the compound may be synthe-
sized by a known method. For example, a phenol derivative
having a hydroxymethyl group can be obtained by reacting
a corresponding phenol compound having no hydroxym-
ethyl group (a compound in the formulae above, wherein
each of L' to L® is a hydrogen atom) with formaldehyde in
the presence of a base catalyst. In this regard, in order to
prevent resinification or gelation, the reaction is preferably
performed at temperature of 60° C. or below. Specifically,
the compound can be synthesized according to the method
described, for example, in JP-A-6-282067 and JP-A-7-
64285.

A phenol derivative having an alkoxymethyl group can be
obtained by reacting a corresponding phenol derivative
having a hydroxymethyl group with an alcohol in the
presence of an acid catalyst. In this regard, in order to
prevent resinification or gelation, the reaction is preferably
performed at temperature of 100° C. or below. Specifically,
the compound can be synthesized according to the method
described, for example, in EP-A-632003. The phenol deriva-
tive having a hydroxymethyl group or an alkoxymethyl
group thus-synthesized is preferred in view of stability
during preservation, and the phenol derivative having an
alkoxymethyl group is particularly preferred in view of the
stability during preservation. The phenol derivative having
two or more hydroxymethyl groups or alkoxymethyl groups,
wherein the hydroxymethyl groups or alkoxymethyl groups
are connected collectively to any one of the benzene rings,
or separately to the benzene rings may be used individually
or in combination of two or more thereof. Examples of the
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commercially available compound include ADEKASTAB
(produced by ADEKA Corp.) and SUMILIZER (produced
by Sumitomo Chemical Co., Ltd.).

The curable compound also includes (i) a compound
having an N-hydroxymethyl group, an N-alkoxymethyl
group or an N-acyloxymethyl group and (ii) an epoxy
compound shown below.

(1) The compound having an N-hydroxymethyl group, an
N-alkoxymethyl group or an N-acyloxymethyl group is
preferably a compound having two or more (preferably from
2 to 8) partial structures represented by formula (CLNM-1)
shown below.

RNMI
{fd/\o/

In formula (CLNM-1), R™! represents a hydrogen atom,
an alkyl group, a cycloalkyl group or an oxoalkyl group.

The alkyl group for R™*" in formula (CLNM-1) is pref-
erably a straight-chain or branched alkyl group having from
1 to 6 carbon atoms. The cycloalkyl group for R™* is
preferably a cycloalkyl group having from 5 to 6 carbon
atoms. The oxoalkyl group for R™ is preferably an
oxoalkyl group having from 3 to 6 carbon atoms, and
examples thereof include a 3-oxopropyl group, a f-oxobutyl
group, a -oxopentyl group and a [-oxohexyl group.

(CLNM-1)
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More preferred embodiments of the compound having
two or more partial structures represented by formula
(CLNM-1) include a urea-based crosslinking agent repre-
sented by formula (CLNM-2) shown below, an alkylene
urea-based crosslinking agent represented by formula
(CLNM-3) shown below, a glycoluril-based crosslinking
agent represented by formula (CLNM-4) shown below and
a melamine-based crosslinking agent represented by for-
mula (CLNM-5) shown below.

(CLNM-2)

O
RNMI/\O/\/NJLN/\O/\ R

RNMZ RNZM 2

In formula (CLNM-2), R*! each independently has the
same meaning as R*7! in formula (CLNM-1).

R™*2 each independently represents a hydrogen atom, an
alkyl group (preferably having from 1 to 6 carbon atoms) or
a cycloalkyl group (preferably having from 5 to 6 carbon
atoms).

Specific examples of the urea-based crosslinking agent
represented by formula (CLNM-2) include N,N-di
(methoxymethyl)urea, N,N-di(ethoxymethyl)urea, N,N-di
(propoxymethyl)urea, N,N-di(isopropoxymethyl)urea, N,N-
di(butoxymethyl)urea, N,N-di(tert-butoxymethyl)urea,
N,N-di(cyclohexyloxyoxmethyl)urea, N,N-di(cyclopenty-
loxymethyl)urea, N,N-di(adamantyloxymethyl)urea and
N,N-di(norbornyloxymethyl)urea.

(CLNM-3)

O
RVAI )]\ RAMI
~N O/\ N N/\ o

A A

In formula (CLNM-3), R*?! each independently has the
same meaning as R*! in formula (CLNM-1).

R™#% each independently represents a hydrogen atom, a
hydroxy group, a straight-chain or branched alkyl group
(preferably having from 1 to 6 carbon atoms), a cycloalkyl
group (preferably having from 5 to 6 carbon atoms), an
oxoalkyl group (preferably having from 1 to 6 carbon
atoms), an alkoxy group (preferably having from 1 to 6
carbon atoms) or an oxoalkoxy group (preferably having
from 1 to 6 carbon atoms).

G represents a single bond, an oxygen atom, a sulfur
atom, an alkylene group (preferably having from 1 to 3
carbon atoms) or a carbonyl group. Specific examples of the
alkylene group include a methylene group, an ethylene
group, a propylene group, a 1-methylethylene group, a
hydroxymethylene group and a cyanomethylene group.

Specific examples of the alkylene urea-based crosslinking
agent represented by formula (CLNM-3) include N,N-di
(methoxymethyl)-4,5-di(methoxymethyl)ethylene urea,
N,N-di(ethoxymethyl)-4,5-di(ethoxymethyl)ethylene urea,
N,N-di(propoxymethyl)-4,5-di(propoxymethyl)ethylene
urea, N,N-di(isopropoxymethyl)-4,5-di(isopropoxymethyl)
ethylene urea, N,N-di(butoxymethyl)-4,5-di(butoxymethyl)
ethylene urea, N,N-di(tert-butoxymethyl)-4,5-di(tert-bu-
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toxymethyl)ethylene urea, N,N-di(cyclohexyloxymethyl)-4,
5-di(cyclohexyloxymethyl)ethylene urea, N,N-di
(cyclopentyloxymethyl)-4,5-di(cyclopentyloxyethyl)
ethylene urea, N,N-di(adamantyloxymethyl)-4,5-di
(adamantyloxymethyl)ethylene urea and N,N-di
(norbornyloxymethyl)-4,5-di(norbomyloxymethyl)ethylene
urea.

(CLNM-4)

NM1 NM1
R R

A

RIS RIS
// N N \\
pina1 —O \(L]/ O—pmn

In formula (CLNM-4), R™#! each independently has the
same meaning as R™*" in formula (CLNM-1).

R each independently represents a hydrogen atom, a

hydroxy group, an alkyl group, a cycloalkyl group or an
alkoxy group.

Specific examples of the alkyl group (preferably having
from 1 to 6 carbon atoms), cycloalkyl group (preferably
having from 5 to 6 carbon atoms) and alkoxy group (pref-
erably having from 1 to 6 carbon atoms) for R** include a
methyl group, an ethyl group, a butyl group, a cyclopentyl
group, a cyclohexyl group, a methoxy group, an ethoxy
group and a butoxy group.

Specific examples of the glycoluril-based crosslinking
agent represented by formula (CLNM-4) include N,N,N,N-
tetra(methoxymethyl)glycoluril, N,N,N,N-tetra(ethoxym-
ethyl)glycoluril, N,N,N,N-tetra(propoxymethyl)glycoluril,
N,N,N,N-tetra(isopropoxymethyl)glycoluril, N,N,N,N-tetra
(butoxymethyl)glycoluril, N,N,N,N-tetra(tert-butoxym-
ethyl)glycoluril. N,N,N,N-tetra(cyclohexyloxymethyl)gly-
coluril, ~ N,N,N,N-tetra(cyclopentyloxymethyl)glycoluril,
N,N,N,N-tetra(adamantyloxymethyl)glycoluril and N,N,N,
N-tetra(norbornyloxymethyl)glycoluril.

(CLNM-5)

RNMS5

| |
RVMI ’O\/N\(NYN\/O\ RIMI
N z N

RNM 6

RNM5

In formula (CLNM-5), R™! each independently has the
same meaning as R™*" in formula (CLNM-1).

R™? each independently represents a hydrogen atom, an

alkyl group, a cycloalkyl group, an aryl group or an atomic
group represented by formula (CLNM-5") shown below.

RS represents a hydrogen atom, an alkyl group, a

cycloalkyl group, an aryl group or al atomic group repre-
sented by formula (CLNM-5") shown below.
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(CLNM-5")
RMMI
'))Jio/
(CLNM-5")
RS
N, (0]
‘771{ \/ \RNMI

In formula (CLNM-5"), R™! has the same meaning as
R in formula (CLNM-1).

In formula (CLNM-5"), R™! has the same meaning as
R in formula (CLNM-1), and R*# has the same mean-
ing as R™?* in formula (CLNM-5).

More specific examples of the alkyl group (preferably
having from 1 to 6 carbon atoms), cycloalkyl group (pref-
erably having from 5 to 6 carbon atoms) and aryl group
(preferably having from 6 to 10 carbon atoms) of R™*° and
RS include a methyl group, an ethyl group, a propyl
group, an isopropyl group, a butyl group, an isobutyl group,
a tert-butyl group, a pentyl group, a cyclopentyl group, a
hexyl group, a cyclohexyl group, a phenyl group and a
naphthyl group.

Examples of the melamine-based crosslinking agent rep-
resented by formula (CLNM-S) include N,N,N,N,N.N-hexa
(methoxymethyl)melamine, N,N,N,N,N,N-hexa(ethoxym-

ethyl)melamine, N,N,N,N,N,N-hexa(propoxymethyl)
melamine, N,N,N,N,N,N-hexa(isopropoxymethyl)
melamine,  N,N,N,N,N,N-hexa(butoxymethyl)melamine,

N,N,N,N,N,N-hexa(tert-butoxymethyl)melamine, N,N,N,N,
N,N-hexa(cyclohexyloxymethyl)melamine, N,N,N,N,N,N-
hexa(cyclopentyloxymethyl)melamine, N,N,N,N,N.N-hexa
(adamantyloxymethyl)melamine, N,N,N,N,N,N-hexa
(norbornyloxymethyl)melamine, N,N,N,N,N,N-hexa
(methoxymethyl)acetoguanamine, N,N,N,N,N,N-hexa
(ethoxymethoxymethyl)acetoguanamine,  N,N,N,N,N,N-
hexa(propoxymethyl)acetoguanamine, N,N,N,N,N.N-hexa
(isopropoxymethyl)acetoguanamine, ~ N,N,N,N,N,N-hexa
(butoxymethyl)acetoguanamine, N,N,N,N,N,N-hexa(tert-
butoxymethyl)acetoguanamine, N,N,N,N,N,N-hexa
(methoxymethyl)benzoguanamine, N,N,N,N,N,N-hexa
(ethoxymethyl)benzoguanamine, N,N,N,N,N,N-hexa
(propoxymethyl)benzoguanamine, N,N,N,N,N,N-hexa
(isopropoxymethyl)benzoguanamine, N,N,N,N,N,N-hexa
(butoxymethyl)benzoguanamine and N,N,N,N,N ,N-hexa
(tert-butoxymethyl)benzoguanamine.

The groups represented by R™' to R in formulae
(CLNM-1) to (CLNM-5) may further have a substituent.
Examples of the substituent which R*! to R™° may have
include a halogen atom, a hydroxy group, a nitro group, a
cyano group, a carboxyl group, a cycloalkyl group (prefer-
ably having from 3 to 20 carbon atoms) an aryl group
(preferably having from 6 to 14 carbon atoms), an alkoxy
group (preferably having from 1 to 20 carbon atoms), a
cycloalkoxy group (preferably having from 3 to 20 carbon
atoms), an acyl group (preferably having from 2 to 20
carbon atoms) and an acyloxy group (preferably having
from 2 to 20 carbon atoms).

Specific examples of the compound having two or more
partial structures represented by formula (CLNM-1) are set
forth below, but the invention should not be construed as
being limited thereto.
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(i1) The epoxy compound includes a compound repre-
sented by formula (EP1) shown below.

(EP1)

In formula (EP1), R¥** to R¥** each independently rep-
resents a hydrogen atom, a halogen atom, an alkyl group or
a cycloalkyl group. The alkyl group and cycloalkyl group
may have a substituent. Also, R*** and R**? or R¥*? and
R%" may be combined with each other to form a ring
structure.

Examples of the substituent which the alkyl group and
cycloalkyl group may have include a hydroxy group, a
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cyano group, an alkoxy group, an alkylcarbonyl group, an
alkoxycarbonyl group, an alkylcarbonyloxy group, an alky-
Ithio group, an alkylsulfone group, an alkylsulfonyl group,
an alkylamino group and an alkylamido group.

? represents a single bond or an n**“-valent organic
group. R to R may be combined not only with each
other but also with Q% to form a ring structure.

n” represents an integer of 2 or more and is preferably an
integer from 2 to 10, and more preferably an integer from 2
to 6. However, when Q%7 is a single bond, o is 2.

In the case where Q*” is an n**-valent organic group, the
organic group is preferably, for example, a straight-chain or
cyclic n*-valent saturated hydrocarbon group (preferably

10

80

having from 2 to 20 carbon atoms), an n*-valent aromatic
ring group (preferably having from 6 to 30 carbon atoms),
or an n*’-valent organic group having a structure wherein a
divalent connecting group, for example, an ether, an ester, an
amido, a sulfonamido or an alkylene (preferably an alkylene
having from 1 to 4 carbon atoms, more preferably methyl-
ene), a trivalent connecting group, for example, —N(-),, or
a combination thereof is connected to a straight-chain or
cyclic saturated hydrocarbon or aromatic hydrocarbon.
Specific examples of the compound having an epoxy

structure are set forth below, but the invention should not be
construed as being limited thereto.
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In addition, examples of commercially available com-
pound having an epoxy group include, as bisphenol A type
epoxy resins, for example, JER-827, JER-828, JER-834,
JER-1001, JER-1002, JER-1003, JER-1055, JER-1007 JER-
1009 and JER-1010 (produced by Japan Epoxy Resins Co.,
Ltd.) and EPICLON 860, EPICLON 1050, EPICLON 1051
and EPICLON 1055 (produced by DIC Corp.). As bisphenol
F type epoxy resins, for example, JER-806, JER-807, JER-
4004, JER-4005, JER-4007 and JER-4010 (produced by
Japan Epoxy Resins Co., L.td.), EPICLON 830 and EPI-
CLON 835 (produced by DIC Corp.) and LCE-21 and
RE-602S (produced by Nippon Kayaku Co., [.td.) are exem-
plified. As phenol novolac type epoxy resins, JER-152,
JER-154, JER-157S70 and JER-157S65 (produced by Japan
Epoxy Resins Co., Ltd.) and EPICLON N-740, EPICLON
N-740, EPICLON N-770 and EPICLON N-775 (produced
by DIC Corp.) are exemplified. As cresol novolac type
epoxy resins, EPICLON N-660, EPICLON N-665, EPI-
CLON N-670, EPICLON N-673, EPICLON N-680, EPI-
CLON N-690 and EPICLON N-695 (produced by DIC
Corp.) and EOCN-1020 (produced by Nippon Kayaku Co.,
Ltd.) are exemplified. As aliphatic epoxy resins, ADEKA
RESIN EP-40808, ADEKA RESIN EP-4085S and ADEKA
RESIN EP-40888S (produced by ADEKA Corp.), CELLOX-
IDE 2021P, CELLOXIDE 2081, CELLOXIDE 2083, CEL-
LOXIDE 2085, EHPE-3150, EPOLEAD PB 3600 and EPO-
LEAD PB 4700 (produced by Daicel Corp.), DENACOL
EX-211L, DENACOL EX-2121, DENACOL EX-214L,
DENACOL EX-216L, DENACOL EX-321L and DENA-
COL EX-850L (produced by Nagase ChemteX Corp.),
ADEKA RESIN EP-4000S, ADEKA RESIN EP-4003S,
ADEKA RESIN EP-4010S and ADEKA RESIN EP-4011S
(produced by ADEKA Corp.), NC-2000, NC-3000,
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NC-7300, XD-1000, EPPN-501 and EPPN-502 (produced
by ADEKA Corp.) and JER-1031S (produced by Japan
Epoxy Resins Co., [.td.) are exemplified.

Examples of the compound having an isocyanate group
include hexamethylene diisocyanate (produced by Tokyo
Chemical Industry Co., Ltd.).

Examples of the compound having a vinyl group include
divinylbenzene (produced by Tokyo Chemical Industry Co.,
Ltd.).

Examples of the compound having a mercapto group
include dipentaerythritol hexakis(3-mercaptopropionate)
(produced by Sakai Chemical Industry Co., Ltd.).

In the invention, the curable compounds may be used
individually or in combination of two or more thereof.

The total content of the curable compound in the colored
composition may be varied depending on the material and is
preferably from 0.1 to 30% by weight, more preferably from
0.2 to 20% by weight, particularly preferably from 1 to 10%
by weight, based on the total solid content (weight) of the
colored composition.

[4] Pigment Derivative

The colored composition according to the invention,
which contains a pigment as the coloring agent, preferably
further contains a pigment derivative in order to increase
adsorption property of the dispersing resin to the pigment.

The pigment derivative is a compound having a structure
in which a part of an organic pigment is substituted with an
acidic group, a basic group or a phthalimidomethyl group.
From the standpoint of dispersibility and dispersion stability,
the pigment derivative may be a pigment derivative having
an acidic group or a basic group and is preferably a pigment
derivative having a basic group. Since the pigment deriva-
tive having a basic group has a large interaction with a high
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acid-value resin (that is, the resin having a solid content acid
value of more than 80 mg KOH/g according to the inven-
tion), the resin can surround more firmly around the coloring
agent. Thereby, the degradation of hue of pixel of color filter
in the heating process at high temperature can be further
inhibited so that the color filter can be more prevented from
undergoing the change of spectral characteristics.

Examples of the organic pigment for constituting the
pigment derivative include a diketopyrrolopyrrole pigment,
an azo pigment, a phthalocyanine pigment an anthraquinone
pigment, a quinacridone pigment, a dioxazine pigment, a
perynone pigment, a perylene pigment, a thio indigo pig-
ment, an isoindoline pigment, an isoindolinone pigment, a
quinophthalone pigment, a threne pigment and a metal
complex pigment.

Further, the acidic group included in the pigment deriva-
tive includes sulfonic acid, carboxylic acid and a quaternary
ammonium salt thereof. The basic group included in the
pigment derivative is preferably an amino group, and par-
ticularly preferably a tertiary amino group.

As the pigment derivative, in particular, pigment deriva-
tives of quinoline, benzimidazolone and isoindoline are
preferred, and pigment derivatives of quinoline and imida-
zolone are more preferred. In particular, a pigment deriva-
tive having a structure represented by formula (P) shown
below is preferred.

A-BC-D-E), ®)

In formula (P), A represents a partial structure selected
from formulae (PA-1) to (PA-3) shown below, B represents
a single bond or a (t+1)-valent connecting group, C repre-
sents a single bond, —NH—, —CONH—, —CO,—,
—SO,NH—, —O—, —S— or —SO,—, D represents a
single bond, an alkylene group, a cycloalkylene group or an
arylene group, E represents —N(Rpa)(Rpb), Rpa and Rpb
each independently represents an alkyl group, a cycloalkyl
group or an aryl group or Rpa and Rpb may be combined
with each other to form a ring, and t represents an integer
from 1 to 5.

(PA-1)
O O
H
N
Rp; NH : o
N,

[

~x N g

2 |

S \

Rps
|
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-continued

(PA-3)

Rpz—

In formulae (PA-1) and (PA-2), Rpl represents an alkyl
group having from 1 to 5 carbon atoms or an aryl group. In
formula (PA-3), Rp2 represents a halogen atom, an alkyl
group or a hydroxy group, and s represents an integer from
1 to 4, and when s is 2 or more, plural Rp2s may be the same
or different from each other. In formulae (PA-1) and (PA-3),
Rp3 represents a single bond, —NH—, —CONH—,
—CO,—, —SO,NH—, —O—, —S— or —S0O,—, and *
represents a connecting portion with B.

In formula (P), Rpl is particularly preferably a methyl
group or a phenyl group, and most preferably a methyl
group. In formula (PA-3), Rp2 is preferably a halogen atom,
and most preferably a chlorine atom.

In formula (P), examples of the (t+1)-valent connecting
group represented by B include an alkylene group, a
cycloalkylene group, an arylene group and a hetero arylene
group. Among them, connecting groups represented by
structural formulae (PA-4) to (PA-9) shown below are par-
ticularly preferred.

(PA-4)
N X
)l\ =
3 N %
(PA-5)
®
Z
* N *
(PA-6)
Nlj\N
)\ )\
3 N %
(PA-T)
yZ
(PA-8)
AN
>
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(PA-9)

Va

Of the pigment derivative represented by formula (P),
those having a connecting group represented by the struc-
tural formula (PA-5) or (PA-8) among the structural formu-
lae (PA-4) to (PA-9) as B are particularly preferred in view
of excellent dispersibility.

In formula (P), examples of the alkylene group,
cycloalkylene group and arylene group represented by D
include methylene, ethylene, propylene, butylene, penty-

(A-1)

=z

NH

V4

(A-3)

0 0
N
)‘\H‘\H NH
N%N /K
N
N 0
0 NN
it
o o0
N
MHQNH
Ne /K
~
N N
N 0
H H
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lene, hexylene, decylene, cyclopropylene, cyclobutylene,
cyclopentylene, cyclohexylene, cyclooctylene, cyclode-
cylene, phenylene and naphthylene. Among them, an alky-
lene group is particularly preferred as D, and an alkylene
group having from 1 to 5 carbon atoms is most preferred.

In formula (P), when E represents —N(Rpa)(Rpb),
examples of the alkyl group, cycloalkyl group and aryl
group in Rpa and Rpb include methyl, ethyl, propyl, iso-
propyl, butyl, sec-butyl, tert-butyl, pentyl, isopentyl, neo-
pentyl, hexyl, octyl, decyl, cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cyclooctyl, cyclodecyl, phenyl and
naphthyl. As any of Rpa and Rpb, an alkyl group is par-
ticularly preferred, and an alkyl group having from 1 to 5
carbon atoms is most preferred. The t is preferably 1 or 2.

Specific examples of the pigment derivative are set forth
below, but the invention should not be construed as being
limited thereto.
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Of the pigment derivatives set forth above, (A-1), (A-2), [5] Acid Anhydride
(A-5), (A-6), (A-7), (A-11), (A-12), (A-13), (A-14), (A-5), The colored composition may contain an acid anhydride.
(A-16) and (A-17) are preferred, and (A-1), (A-2), (A-6) and 4, By incorporating the acid anhydride into the colored com-
(A-15) are more preferred. position, the crosslinking property of the curable compound,
The content of the pigment derivative in the colored particularly, the epoxy compound in the heat curing can be
composition according to the invention is preferably from 1 improved.
to 30% by weight, more preferably from 3 to 20% by weight, Examples of the acid anhydride include phthalic anhy-

based on the total weight of the pigment. The pigment 65 dride, nadic anhydride, maleic anhydride and succinic anhy-
derivatives may be used individually or in a combination of dride. Among them, phthalic anhydride is preferred in view
two or more thereof. of small impact to pigment dispersion.
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As an epoxy curing agent, an amine compound is ordi-
narily used, because of advantage in that pot life is relatively
long.

The content of the acid anhydride in the colored compo-
sition is preferably in a range from 10 to 40% by weight,
more preferably in a range from 15 to 30% by weight, based
on the content of the curable compound (particularly, the
epoxy compound). When the content of the acid anhydride
is 10% by weight or more, crosslinking density of the
curable compound, particularly, the epoxy compound
increases so that mechanical strength can be improved.
When the content of the acid anhydride is 40% by weight or
less, the heat curable component is inhibited in the coated
layer to have an advantage in increasing the concentration of
coloring agent.

[6] Solvent

The colored composition according to the invention may
be ordinarily constituted using a solvent (ordinarily, an
organic solvent). The organic solvent is basically not par-
ticularly restricted as long as the solubility of each compo-
nent and the coating property of the colored curable com-
position are satisfied.

Preferred examples of the organic solvent include an ester,
for example, ethyl acetate, n-butyl acetate, isobutyl acetate,
amyl formate, isoamyl acetate, isobutyl acetate, butyl pro-
pionate, isopropyl butyrate, ethyl butyrate, butyl butyrate,
methyl lactate, ethyl lactate, an alkyl oxyacetate (for
example, methyl oxyacetate, ethyl oxyacetate, butyl oxyac-
etate (for example, methyl methoxyacetate, ethyl methoxy-
acetate, butyl methoxyacetate, methyl ethoxyacetate or ethyl
ethoxyacetate)), an alkyl 3-oxypropionate (for example,
methyl 3-oxypropionate or ethyl 3-oxypropionate (for
example, methyl 3-methoxypropionate, ethyl 3-methoxy-
propionate, methyl 3-ethoxypropionate or ethyl 3-ethoxy-
propionate)), an alkyl 2-oxypropionate (for example, methyl
2-oxypropionate, ethyl 2-oxypropionate, propyl 2-oxypro-
pionate (for example, methyl 2-methoxypropionate, ethyl
2-methoxypropionate, propyl 2-methoxypropionate, methyl
2-ethoxypropionate or ethyl 2-ethoxypropionate)), methyl
2-oxy-2-methylpropionate, ethyl 2-oxy-2-methylpropionate
(for example, methyl 2-methoxy-2-methylpropionate or
ethyl 2-ethoxy-2-methylpropionate), methyl pyruvate, ethyl
pyruvate, propyl pyruvate, methyl acetoacetate, ethyl
acetoacetate, methyl 2-oxobutanoate or ethyl 2-oxobutano-
ate; an ether, for example, diethylene glycol dimethyl ether,
tetrahydrofuran, ethylene glycol monomethyl ether, ethyl-
ene glycol monoethyl ether, methyl cellosolve acetate, ethyl
cellosolve acetate, diethylene glycol monomethyl ether,
diethylene glycol monoethyl ether, diethylene glycol
monobutyl ether, propylene glycol monomethyl ether, pro-
pylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate or propylene glycol monopropyl
ether acetate; a ketone, for example, methyl ethyl ketone,
cyclohexanone, 2-heptanone or 3-heptanone; and an aro-
matic hydrocarbon, for example, toluene or xylene.

From the standpoint, for example, of improving the
coated surface state, an embodiment of mixing two or more
of'the organic solvents is also preferred. In this case, a mixed
solution composed of two or more solvents selected from
methyl 3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl
cellosolve acetate, ethyl lactate, diethylene glycol dimethyl
ether, butyl acetate, methyl 3-methoxypropionate, 2-hep-
tanone, cyclohexanone, ethyl carbitol acetate, butyl carbitol
acetate, propylene glycol methyl ether and propylene glycol
methyl ether acetate is particularly preferred.

From the standpoint of coating property, the content of the
solvent in the colored composition is an amount to make a
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total solid content concentration of the colored composition
preferably from 5 to 80% by weight, more preferably from
5 to 60% by weight, and particularly preferably from 10 to
50% by weight.

[7] Various Additives

The colored composition according to the invention may
contain various additives, for example, a polymerization
initiator, a polymerizable compound, a surfactant, a curing
agent, a curing catalyst, a polymerization inhibitor, a silane
coupling agent, a filler, an adhesion accelerator, an antioxi-
dant, an ultraviolet absorbing agent or a coagulation pre-
venting agent, if desired, within the range where the effects
of the invention are not impaired.

(Polymerization Initiator)

The colored composition according to the invention may
further contain polymerization initiator.

As the polymerization initiator according to the invention,
compounds known as polymerization initiators described
below can be employed.

The polymerization initiator is not particularly restricted
as long as it has an ability of initiating polymerization of the
polymerizable compound described in detail hereinafter and
may be appropriately selected from known polymerization
initiators. For example, those having photosensitivity to
light in the region from ultraviolet to visible are preferred.
The initiator may also be an activator capable of causing a
certain action with a photoexcited sensitizer to generate an
active radical or an initiator capable of initiating cationic
polymerization depending on the kind of the monomer.

Further, the polymerization initiator preferably contains at
least one kind of a component having a molecular extinction
coeflicient of at least about 50 in the range from about 300
to about 800 nm (more preferably from 330 to 500 nm).

Examples of the polymerization initiator include a halo-
genated hydrocarbon derivative (for example, a compound
having a triazine skeleton or a compound having an oxadi-
azole skeleton), an acylphosphine compound, for example,
an acylphosphine oxide, a hexaarylbiimidazole, an oxime
compound, for example, an oxime derivative, an organic
peroxide, a thio compound, a ketone compound, an aromatic
onium salt, a ketoxime ether, an aminoacetophenone com-
pound and a hydroxyacetophenone.

Examples of the halogenated hydrocarbon compound
having a triazine skeleton include compounds described in
Wakabayashi et al., Bull. Chem. Soc. Japan, 42, 2924
(1969), compounds described in Britain Patent 1,388,492,
compounds described in JP-A-53-133428, compounds
described in Germany Patent 3337024, compounds
described in F. C. Schaefer et al., J. Org. Chem. 29, 1527
(1964), compounds described in JP-A-62-58241, com-
pounds described in JP-A-5-281728, compounds described
in JP-A-5-34920 and compounds described in U.S. Pat. No.
4,212,976.

The compounds described in U.S. Pat. No. 4,212,976
include, for example, a compound having an oxadiazole
skeleton (e.g., 2-trichloromethyl-5-phenyl-1,3,4-oxadiazole,
2-trichloromethyl-5-(4-chlorophenyl)-1,3,4-oxadiazole,
2-trichloromethyl-5-(1-naphthyl)-1,3,4-oxadiazole,
2-trichloromethyl-5-(2-naphthyl)-1,3,4-oxadiazole,  2-tri-
bromomethyl-5-phenyl-1,3,4-oxadiazole, 2-tribromom-
ethyl-5-(2-naphthyl)-1,3,4-oxadiazole, 2-trichloromethyl-5-
styryl-1,3,4-oxadiazole, 2-trichloromethyl-5-(4-
chlorostyryl)-1,3,4-oxadiazole, 2-trichloromethyl-5-(4-
methoxystyryl)-1,34-oxadiazole,  2-trichloromethyl-5-(1-
naphthyl)-1,3,4-oxadiazole, 2-trichloromethyl-5-(4-n-
butoxystyryl)-1,3,4-oxadiazole, 2-tribromomethyl-5-styryl-
1,3,4-oxadiazole).
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Examples of the polymerization initiator other than those
described above include an acridine derivative (e.g. 9-phe-
nylacridine, 1,7-bis(9,9'-acridinyl)heptane), N-phenylgly-
cine, a polyhalogen compound (e.g., carbon tetrabromide,
phenyl tribromomethyl sultone or phenyl trichloromethyl
ketone), a coumarin (e.g. 3-(2-benzofuroyl)-7-diethylam-
inocoumarin, 3-(2-benzofuroyl)-7-(1-pyrrolidinyl)cou-
marin, 3-benzoyl-7-diethylaminocoumarin, 3-(2-methoxy-
benzoyl)-7-diethylaminocoumarin, 3-(4-
dimethylaminobenzoyl)-7-diethylaminocoumarin, 3,3'-
carbonylbis(5,7-di-n-propoxycoumarin),  3,3'-carbonylbis
(7-diethylaminocoumarin), 3-benzoyl-7-methoxycoumarin,
3-(2-furoyl)-7-diethylaminocoumarin, 3-(4-diethylamino-
cinnamoyl)-7-diethylaminocoumarin, 7-methoxy-3-(3-
pyridylcarbonyl)coumarin,  3-benzoyl-5,7-dipropoxycou-
marin, 7-benzotriazol-2-ylcoumarin, coumarin compounds
described, for example, in JP-A-5-19475, JP-A-7-271028,
JP-A-2002-363206, JP-A-2002-363207, JP-A-2002-363208
and JP-A-2002-363209), an acylphosphine oxide (e.g., bis
(2,4,6-trimethylbenzoyl)phenylphosphine oxide, bis(2,6-di-
methoxybenzoyl)-2,4,4-trimethylpentylphenylphosphine
oxide or Lucirin TPO), a metallocene (e.g., bis(n5-2,4-
cyclopentadien-1-y1)-bis(2,6-difluoro-3-(1H-pyrrol-1-yl)
phenyljtitanium or m5-cyclopentadienyl-n6-cumenyl-iron
(14)-hexafluorophosphate (1-)), and compounds described,
for example, in JP-A-53-133428, JP-B-57-1819, JP-B-57-
6096 and U.S. Pat. No. 3,615,455.

Examples of the ketone compound include benzophe-
none, 2-methylbenzophenone, 3-methylbenzophenone,
4-methylbenzophenone, 4-methoxybenzophenone, 2-chlo-
robenzophenone, 4-chlorobenzophenone, 4-bromobenzo-
phenone, 2-carboxybenzophenone, 2-ethoxycarbonylbenzo-
phenone, benzophenone tetracarboxylic acid or a
tetramethyl ester thereof, a 4,4'-bis(dialkylamino)benzophe-
none (for example, 4,4'-bis(dimethylamino)benzophenone,
4.4'-bis(dicyclohexylamino)benzophenone, 4,4'-bis(diethyl-
amino)benzophenone, 4,4'-bis(dihydroxyethylamino)benzo-
phenone, 4-methoxy-4'-dimethylaminobenzophenone, 4,4'-
dimethoxybenzophenone, 4-dimethylaminobenzophenone,
4-dimethylaminoacetophenone, benzyl, anthraquinone,
2-tert-butylanthraquinone, 2-methylanthraquinone, phenan-
thraquinone, xanthone, thioxanthone, 2-chlorothioxanthone,
2,4-diethylthioxanthone, fluorenone, 2-benzyl-2-dimethyl-
amino-1-(4-morpholinophenyl)-1-butanone, 2-methyl-1-[4-
(methylthio)phenyl]-2-morpholino-1-propanone, 2-hy-
droxy-2-methyl-[4-(1-methylvinyl)phenyl|propanol
oligomer, benzoin, a benzoin ether (e.g., benzoin methyl
ether, benzoin ethyl ether, benzoin propyl ether, benzoin
isopropyl ether, benzoin phenyl ether, benzyl dimethyl
ketal), acridone, chloroacridone, N-methylacridone, N-bu-
tylacridone and N-butyl-chloroacridone.

A hydroxyacetophenone compound, an aminoacetophe-
none compound and an acylphosphine compound may also
be suitably used as the polymerization initiator. More spe-
cifically, for example, an aminoacetophenone initiator
described in JP-A-10-291969 and an acylphosphine oxide
initiator described in Japanese Patent 4225898 may be used.

As the hydroxyacetophenone initiator, IRGACURE-184,
DAROCUR-1173, IRGACURE-500, IRGACURE-2959
and IRGACURE-127 (trade names, all produced by BASF)
may be used. As the aminoacetophenone initiator, commer-
cially available IRGACURE-907, IRGACURE-369 and
IRGACURE-379 (trade names, all produced by BASF) may
be used. As the aminoacetophenone initiator, compounds in
which the absorption wavelength matches a light source
having a long wavelength, for example, 365 nm or 405 nm
described in JP-A-2009-191179 may be also used. As the
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acylphosphine initiator, commercially available IRGA-
CURE-819 and DAROCUR-TPO (trade names, both pro-
duced by BASF) may be used.

The polymerization initiator more preferably includes an
oxime compound. Specific examples of the oxime initiator
used include compounds described in JP-A-2001-233842,
compounds describe in JP-A-2000-80068 and compounds
described in JP-A-2006-342166.

Examples of the oxime compound, for example, an oxime
derivative, which is suitably used as the polymerization
initiator in the invention, include 3-benzoyloxyiminobutan-
2-one, 3-acetoxyiminobutan-2-one, 3-propionyloxyimi-
nobutan-2-one, 2-acetoxyiminopentan-3-one, 2-acetoxy-
imino-1-phenylpropan-1-one, 2-benzoyloxyimino-1-
phenylpropan-1-one, 3-(4-toluenesulfonyloxy)iminobutan-
2-one and 2-ethoxycarbonyloxyimino-1-phenylpropan-1-
one.

Examples of the oxime compound include the compounds
described in J. C. S. Perkin 11, pp. 1653-1660 (1979). J. C.
S. Perkin 11, pp. 156-162 (1979), Journal of Photopolymer
Science and Technology, pp. 202-232 (1995), JP-A-2000-
66385, JP-A-2000-80068, JP-T-2004-534797 (the term “JP-
T as used herein means a published Japanese translation of
a PCT patent application) and JP-A-2006-342166.

Commercially available IRGACURE-OXEO1 (produced
by BASF) and IRGACURE-OXEO02 (produced by BASF)
may be also suitably used.

As the oxime compound other than those described
above, for example, compounds described in JP-T-2009-
519904 where oxime is connected to N-position of carba-
zole, compounds described in U.S. Pat. No. 7,626,957 where
a hetero substituent is introduced into a benzophenone
moiety, compounds described in JP-A-2010-15025 and U.S.
Patent Application Publication No. 2009-292039 where a
nitro group is introduced into a dye moiety, ketoxime
compounds described in WO 2009/131189, compounds con-
taining a triazine skeleton and an oxime skeleton in the same
molecule described in U.S. Pat. No. 7,556,910 and com-
pounds having an absorption maximum at 405 nm and
exhibiting good sensitivity to a g-ray light source described
in JP-A-2009-221114 may be also used.

Furthermore, cyclic oxime compounds described in JP-A-
2007-231000 and JP-A-2007-322744 may be also suitably
used. Of the cyclic oxime compounds, cyclic oxime com-
pounds fused to a carbazole dye described in JP-A-2010-
32985 and JP-A-2010-185072 are preferred from the stand-
point of high light absorbing property and high sensitivity.

Also, compounds having an unsaturated bond at a specific
site thereof described in JP-A-2009-242469 can be suitably
used because they can achieve high sensitivity by regener-
ating an active radical from a polymerization inactive radi-
cal.

Most preferably, oxime compound having a specific sub-
stituent described in JP-A-2007-269779 and the oxime com-
pound having a thioaryl group described in JP-A-2009-
191061 are exemplified.

Specifically, the oxime polymerization initiator is prefer-
ably a compound represented by formula (OX-1) shown
below. The oxime compound may be a compound where the
N—O bond of oxime is (E) form, a compound where the
bond is (Z) form or a compound where the bond is a mixture
of (E) form and (7) form.
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ox (0X-1)
NJ"
SAr
A

In formula (OX-1), R and B each independently repre-
sents a monovalent substituent, A represents a divalent
organic group, and Ar represents an aryl group.

In formula (OX-1), the monovalent substituent repre-
sented by R is preferably a monovalent nonmetallic atom
group.

Examples of the monovalent nonmetallic atom group
include an alkyl group, an aryl group, an acyl group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a hetero-
cyclic group, an alkylthiocarbonyl group and an arylthio-
carbonyl group. These groups may have one or more sub-
stituents. The substituent described above may be further
substituted with other substituent.

Examples of the substituent include a halogen atom, an
aryloxy group, an alkoxycarbonyl group, an aryloxycarbo-
nyl group, an acyloxy group, an acyl group, an alkyl group
and an aryl group.

The alkyl group which may have a substituent is prefer-
ably an alkyl group having from 1 to 30 carbon atoms, and
specific examples thereof include a methyl group, an ethyl
group, a propyl group, a butyl group, a hexyl group, an octyl
group, a decyl group, a dodecyl group, an octadecyl group,
an isopropyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a 1-ethylpentyl group, a cyclopentyl group,
a cyclohexyl group, a trifluoromethyl group, a 2-ethylhexyl
group, a phenacyl group, a 1-naphthoylmethyl group, a
2-naphthoylmethyl group, a 4-methylsulfanylphenacyl
group, a 4-phenylsulfanylphenacyl group, a 4-dimethylam-
inophenacyl group, a 4-cyanophenacyl group, a 4-methyl-
phenacyl group, a 2-methylphenacyl group, a 3-fluorophen-
acyl group, a 3-trifluoromethylphenacyl group and a
3-nitrophenacyl group.

The aryl group which may have a substituent is preferably
an aryl group having from 6 to 30 carbon atoms, and specific
examples thereof include a phenyl group, a biphenyl group,
a 1-naphthyl group, a 2-naphthyl group, a 9-anthryl group,
a 9-phenanthryl group, a 1-pyrenyl group, a S-naphthacenyl
group, a l-indenyl group, a 2-azulenyl group, a 9-fluorenyl
group, a terphenyl group, a quaterphenyl group, an o-tolyl
group, an m-tolyl group, a p-tolyl group, a xylyl group, an
o-cumeny! group, an m-cumenyl group, a p-cumenyl group,
a mesityl group, a pentalenyl group, a binaphthalenyl group,
a ternaphthalenyl group, a quaternaphthalenyl group, a hep-
talenyl group, a biphenylenyl group, an indacenyl group, a
fluoranthenyl group, an acenaphthylenyl group, an acean-
thrylenyl group, a phenalenyl group, a fluorenyl group, an
anthryl group, a bianthracenyl group, a teranthracenyl
group, a quateranthracenyl group, an anthraquinolyl group,
a phenanthryl group, a triphenylenyl group, a pyrenyl group,
a chrysenyl group, a naphthacenyl group, a pleiadenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a pentacenyl group, a tetraphenylenyl group, a hexa-
phenyl group, a hexacenyl group, a rubicenyl group, a
coronenyl group, a trinaphthylenyl group, a heptaphenyl
group, a heptacenyl group, a pyranthrenyl group and an
ovalenyl group.

The acyl group which may have a substituent is preferably
an acyl group having from 2 to 20 carbon atoms, and specific
examples thereof include an acetyl group, a propanoyl
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group, a butanoyl group, a trifluoroacetyl group, a pentanoyl
group, a benzoyl group, a 1-naphthoyl group, a 2-naphthoyl
group, a 4-methylsulfanylbenzoyl group, a 4-phenylsulfa-
nylbenzoyl group, a 4-dimethylaminobenzoyl group, a 4-di-
ethylaminobenzoyl group, a 2-chlorobenzoyl group, a
2-methylbenzoyl group, a 2-methoxybenzoyl group, a 2-bu-
toxybenzoyl group, a 3-chlorobenzoyl group, a 3-trifluo-
romethylbenzoyl group, a 3-cyanobenzoyl group, a 3-ni-
trobenzoyl group, a  4-fluorobenzoyl group, a
4-cyanobenzoyl group and a 4-methoxybenzoyl group.

The alkoxycarbonyl group which may have a substituent
is preferably an alkoxycarbonyl group having from 2 to 20
carbon atoms, and specific examples thereof include a
methoxycarbonyl group, an ethoxycarbonyl group, a
propoxycarbonyl group, a butoxycarbonyl group, a hexy-
loxycarbonyl group, an octyloxycarbonyl group, a decy-
loxycarbonyl group, an octadecyloxycarbonyl group and a
trifluoromethyloxycarbonyl group.

Specific examples of the aryloxycarbonyl group which
may have a substituent include a phenoxycarbonyl group, a
1-naphthyloxycarbonyl group, a 2-naphthyloxycarbonyl
group, a 4-methylsulfanylphenyloxycarbonyl group, a
4-phenylsulfanylphenyloxycarbonyl group, a 4-dimethyl-
aminophenyloxycarbonyl group, a 4-diethylaminopheny-
loxycarbonyl group, a 2-chlorophenyloxycarbonyl group, a
2-methylphenyloxycarbonyl group, a 2-methoxyphenyloxy-
carbonyl group, a 2-butoxyphenyloxycarbonyl group, a
3-chlorophenyloxycarbonyl group, a 3-trifluoromethylphe-
nyloxycarbonyl group, a 3-cyanophenyloxycarbonyl group,
a 3-nitrophenyloxycarbonyl group, a 4-fluorophenyloxycar-
bonyl group, a 4-cyanophenyloxycarbonyl group and a
4-methoxyphenyloxycarbonyl group.

The heterocyclic group which may have a substituent is
preferably an aromatic or aliphatic heterocyclic group con-
taining a nitrogen atom, an oxygen atom, a sulfur atom or a
phosphorus atom.

Specific examples thereof include a thienyl group, a
benzo[b]thienyl group, a naphtho[2,3-b|thienyl group, a
thianthrenyl group, a furyl group, a pyranyl group, an
isobenzofuranyl group, a chromenyl group, a xanthenyl
group, a phenoxathiinyl group, a 2H-pyrrolyl group, a
pyrrolyl group, an imidazolyl group, a pyrazolyl group, a
pyridyl group, a pyrazinyl group, a pyrimidinyl group, a
pyridazinyl group, an indolizinyl group, an isoindolyl group,
a 3H-indolyl group, an indolyl group, a 1H-indazolyl group,
a purinyl group, a 4H-quinolizinyl group, an isoquinolyl
group, a quinolyl group, a phthalazinyl group, a naphthy-
ridinyl group, a quinoxanilyl group, a quinazolinyl group, a
cinnolinyl group, a pteridinyl group, a 4aH-carbazolyl
group, a carbazolyl group, a f-carbolinyl group, a phenan-
thridinyl group, an acridinyl group, a perimidinyl group, a
phenanthrolinyl group, a phenazinyl group, a phenarsazinyl
group, an isothiazolyl group, a phenothiazinyl group, an
isoxazolyl group, a furazanyl group, a phenoxazinyl group,
an isochromanyl group, a chromanyl group, a pyrrolidinyl
group, a pyrrolinyl group, an imidazolidinyl group, an
imidazolinyl group, a pyrazolidinyl group, a pyrazolinyl
group, a piperidyl group, a piperazinyl group, an indolinyl
group, an isoindolinyl group, a quinuclidinyl group, a mor-
pholinyl group and a thioxantholyl group.

Specific examples of the alkylthiocarbonyl group which
may have a substituent include a methylthiocarbonyl group,
a propylthiocarbonyl group, a butylthiocarbonyl group, a
hexylthiocarbonyl group, an octylthiocarbonyl group, a
decylthiocarbonyl group, an octadecylthiocarbonyl group
and a trifluvoromethylthiocarbonyl group.
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Specific examples of the arylthiocarbonyl group which
may have a substituent include a 1-naphthylthiocarbonyl
group, a 2-naphthylthiocarbonyl group, a 4-methylsulfanyl-
phenylthiocarbonyl group, a 4-phenylsulfanylphenylthiocar-
bonyl group, a 4-dimethylaminophenylthiocarbonyl group, a
4-diethylaminophenylthiocarbonyl group, a 2-chlorophenyl-
thiocarbonyl group, a 2-methylphenylthiocarbonyl group, a
2-methoxyphenylthiocarbonyl group, a 2-butoxyphenylthio-
carbonyl group, a 3-chlorophenylthiocarbonyl group, a 3-tri-
fluoromethylphenylthiocarbonyl group, a 3-cyanophenylth-
iocarbonyl group, a 3-nitrophenylthiocarbonyl group, a
4-fluorophenylthiocarbonyl group, a 4-cyanophenylthiocar-
bonyl group and a 4-methoxyphenylthiocarbonyl group.

In formula (OX-1), the monovalent substituent repre-
sented by B represents an aryl group, a heterocyclic group,
an arylcarbonyl group or a heterocyclic carbonyl group.
These groups may have one or more substituents. Examples
of the substituent include the substituents described above.
Also, the substituent described above may be further sub-
stituted with other substituent.

Among them, structures shown below are particularly
preferred.

In the structures below, Y, X and n have the same
meanings as Y, X and n in Formula (OX-2) described below,
and preferred examples thereof are also the same.

AN
Va SN

(6]
¢
X
ya YY
(6] (6]

In formula (OX-1), examples of the divalent organic
group represented by A include an alkylene group having
from 1 to 12 carbon atoms, a cyclohexylene having from 6
to 12 carbon atoms) and an alkynylene group having from 2
to 12 carbon atoms). These groups may have one or more
substituents. Examples of the substituent include the sub-
stituents described above. Also, the substituent described
above may be further substituted with other substituent.

Among them, from the standpoint of increasing sensitiv-
ity and inhibiting coloration due to heating aging, A is
preferably an unsubstituted alkylene group, an alkylene
group substituted with an alkyl group (for example, a methyl
group, an ethyl group, a tert-butyl group or a dodecyl group),
an alkylene group substituted with an alkenyl group (for
example, a vinyl group or an allyl group) or an alkylene
group substituted with an aryl group (for example, a phenyl
group, a p-tolyl group, a xylyl group, a cumenyl group, a
naphthyl group, an anthryl group, a phenanthryl group or a
styryl group).

In formula (OX-1), the aryl group represented by Ar is
preferably an aryl group having from 6 to 30 carbon atoms
and may have a substituent. Examples of the substituent are
the same as those of the substituent introduced into the
substituted aryl group described above as the specific
example of the aryl group which may have a substituent.

Among them, from the standpoint of increasing sensitiv-
ity and inhibiting coloration due to heating aging, a substi-
tuted or unsubstituted phenyl group is preferred.

Xy
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In formula (OX-1), the structure “SAr” formed by Ar and
S adjacent thereto is preferably a structure shown below
from the standpoint of sensitivity. In the structures below,
Me represents a methyl group, and Et represents an ethyl
group.
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The oxime compound is preferably a compound repre-
sented by formula (OX-2) shown below.
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OR
I = N7
T Y SAr
F "
(6] (6]
In formula (OX-2), R and X each independently repre-
sents a monovalent substituent A and Y each independently

represent a divalent organic group, Ar represents an aryl
group, and n represents an integer from 0 to 5.

(0X-2)

In formula (OX-2). R, A and Ar have the same meanings
as R, A and Ar in formula (1), and preferred examples
thereof are also the same.

In formula (OX-2), examples of the monovalent substitu-
ent represented by X include an alkyl group, an aryl group,
an alkoxy group, an aryloxy group, an acyloxy group, an
alkoxycarbonyl group, an amino group, a heterocyclic group
and a halogen atom. These groups may have one or more
substituents. Examples of the substituent include the sub-
stituents described above. Also, the substituent described
above may be further substituted with other substituent.

Among them, X in formula (OX-2) is preferably an alkyl
group from the standpoint of solvent solubility and increase
in absorption efficiency in the long wavelength region.

In formula (OX-2), n represents an integer from O to 5,
and is preferably an integer from O to 2.

In formula (OX-2), examples of the divalent organic
group represented by Y include structures shown below. In
the groups shown below, * indicates a connecting position to
the carbon atom adjacent to Y.

CESjQ
L l
S S
N

. . OCH;
* * *
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-continued

o5 p

Among them, structures shown below are preferred from
the standpoint of high sensitivity.

‘\? o,

The oxime compound is more preferably a compound
represented by formula (OX-3) shown below.

(0X-3)

In formula (OX-3), R and X each independently repre-
sents a monovalent substituent, A represents a divalent
organic group, Ar represents an aryl group, and n is an
integer from O to 5.

In formula (OX-3), R, X, A, Ar and n have the same
meanings as R, X, A, Ar and n in formula (OX-2), and
preferred examples thereof are also the same.

Specific examples (B-1) to (B-10) of the oxime compound
suitably used are set forth below, but the invention should
not be construed as being limited thereto.

B-1

OYCHg

0

CH; O N7

(T U l Q
Nk Cl

B-2)
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-continued
(B-3)
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The oxime compound is a compound having a maximum
absorption wavelength in the wavelength region from 350 to
500 nm, preferably a compound having an absorption wave-
length in the wavelength region from 360 to 480 nm, and
particularly preferably a compound having high absorbance
at wavelengths of 365 nm and 455 nm.

The molar extinction coefficient at a wavelength of 365
nm or 405 nm of the oxime compound is preferably from
1,000 to 300,000, more preferably from 2,000 to 300,000,
particularly preferably from 5,000 to 200,000, from the
standpoint of sensitivity.

The molar extinction coefficient of the compound can be
determined using a known method and specifically, for
example, it is preferably measured at a concentration of 0.01
g/l using an ethyl acetate solvent in an ultraviolet-visible
spectrophotometer (Carry-5 Spectrophotometer, produced
by Varian, Inc.).

The polymerization initiators for use in the invention may
be employed in combination of two or more thereof, if
desired.

The polymerization initiator for use in the colored com-
position according to the invention is preferably a compound
selected from the group consisting of a trihalomethyltriazine
compound, a benzyldimethylketal compound, an ca-hy-
droxyketone compound, an a-aminoketone compound, an
acylphosphine compound, a phosphinoxide compound, a
metallocene compound, an oxime compound, a triarylimi-
dazole dimer, an onium compound, a benzothiazole com-
pound, a benzophenone compound, an acetophenone com-
pound or a derivative thereof, cyclopentadiene-benzene-iron
complex or a salt thereof, a halomethyloxadiazole com-
pound and a 3-aryl-substituted coumarin compound.

It is more preferably a compound selected from the group
consisting of a trihalomethyltriazine compound, an c-ami-
noketone compound, an acylphosphine compound, a phos-
phinoxide compound, an oxime compound, a triarylimida-
zole dimer, an onium compound, a benzophenone
compound and an acetophenone compound, and most pref-
erably a compound selected from the group consisting of a
trihalomethyltriazine compound, an a-aminoketone com-
pound, an oxime compound, a triarylimidazole dimer and a
benzophenone compound.

The content (total content, in case of using two or more)
of the polymerization initiator is preferably from 0.1 to 50%
by weight, more preferably from 0.5 to 30% by weight, still
more preferably from 1 to 20% by weight, based on the total
solid content of the colored composition of the invention.
(Polymerizable Compound)

The polymerizable compound is selected from com-
pounds having at least one terminal ethylenically unsatu-
rated bond, preferably two or more terminal ethylenically
unsaturated bonds. Such compounds are widely known in
the field of art and these compounds can be used in the
invention without any particular restriction. The compound
may be in any of chemical forms, for example, a monomer,
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a prepolymer, specifically, a dimer, a trimer or an oligomer,
and a mixture thereof or a multimer thereof. The polymer-
izable compounds according to the invention may be used
individually or in combination of two or more thereof.

More specifically, examples of the monomer and prepoly-
mer thereof include an unsaturated carboxylic acid (for
example, acrylic acid, methacrylic acid, itaconic acid, cro-
tonic acid, isocrotonic acid or maleic acid), its esters and
amides, and multimers thereof. Esters of an unsaturated
carboxylic acid and an aliphatic polyhydric alcohol com-
pound, amides of an unsaturated carboxylic acid and an
aliphatic polyvalent amine compound, and multimers
thereof are preferred. Also, an addition reaction product of
an unsaturated carboxylic acid ester or amide having a
nucleophilic substituent, for example, a hydroxy group, an
amino group or a mercapto group, with a monofunctional or
polytunctional isocyanate or epoxy compound, and a dehy-
dration condensation reaction product with a monofunc-
tional or polyfunctional carboxylic acid may be also suitably
used. Further, an addition reaction product of an unsaturated
carboxylic acid ester or amide having an electrophilic sub-
stituent, for example, an isocyanate group or an epoxy
group, with a monofunctional or polyfunctional alcohol,
amine or thiol, and a substitution reaction product of an
unsaturated carboxylic acid ester or amide having a releas-
able substituent, for example, a halogen atom or a tosyloxy
group, with a monofunctional or polyfunctional alcohol,
amine or thiol are also suitable. As other examples, com-
pounds where the unsaturated carboxylic acid described
above is replaced by an unsaturated phosphonic acid, a
vinylbenzene derivative, for example, styrene, vinyl ether,
allyl ether may be also used.

As to specific examples of the compound, compounds
described in Paragraph Nos. [0095] to [0108] of JP-A-2009-
288705 may be suitably used also in the invention.

As the polymerizable compound, a compound having at
least one addition-polymerizable ethylene group and having
a boiling point of 100° C. or more under normal pressure is
also preferred. Examples thereof include a monofunctional
acrylate or methacrylate, for example, polyethylene glycol
mono(meth)acrylate, polypropylene glycol mono(meth)
acrylate or phenoxyethyl (meth)acrylate; a polyfunctional
acrylate or methacrylate, for example, polyethylene glycol
di(meth)acrylate, trimethylolethane tri(meth)acrylate, neo-
pentyl glycol di(meth)acrylate, pentaerythritol tri(meth)
acrylate, pentaerythritol tetra(meth)acrylate, dipentaerythri-
tol penta(meth)acrylate, dipentaerythritol hexa(meth)
acrylate, hexanediol (meth)acrylate, trimethylolpropane tri
(acryloyloxypropyl)ether, tri(acyloyloxyethyl)isocyanurate,
a compound obtained by adding ethylene oxide or propylene
oxide to a polyfunctional alcohol, for example, glycerin or
trimethylolethane, followed by (meth)acrylation, an ure-
thane (meth)acrylate as described in JP-B-48-41708, JP-B-
50-6034 and JP-A-51-37193, a polyester acrylate described
in JP-A-48-64183, JP-B-49-43191 and JP-B-52-30490, and
an epoxy acrylate as a reaction product of an epoxy resin and
(meth)acrylic acid, and a mixture thereof.

A polyfunctional (meth)acrylate obtained by reacting a
polytfunctional carboxylic acid with a compound having a
cyclic ether group and an ethylenically unsaturated group,
for example, glycidyl (meth)acrylate is also exemplified.

As other preferred polymerizable compounds, com-
pounds having a fluorene ring and difunctional or more
ethylenically unsaturated groups described in JP-A-2010-
160418, JP-A-2010-129825 and Japanese Patent 4364216,
and a cardo resin may be also used.
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As the compound having a boiling point of 100° C. or
more under normal pressure and having at least one addi-
tion-polymerizable ethylenically unsaturated group, com-
pounds described in Paragraph Nos. [0254] to [0257] of
JP-A-2008-292970 are also suitable.

In addition, radical polymerizable monomers represented
by formulae (MO-1) to (MO-5) shown below may be
suitably used. In the formulae, when T is an oxyalkylene
group, the terminal on the carbon atom side thereof is
connected to R.

(MO-1)
CH,—(T),—R
R —(T),—CH,—C—CH,—(T),—R
CH,—(T),—R
(MO-2)
CH,—(T),—R CH,—(T),—R

R—(T),— CH,—C—CH,—Z—CH,— C—CH,—(T),—R
CH—(T),—R CH,—(T),—R

(MO-3)

R—(T),—CH, CH,— (T)y—R

\
R— (T),—CH,—C —CH,—0—CH,—C—CH,—(T),—R

R—(T),—CH; CH—(D),—R
(MO-4)
CH,—(T),—R
OY N\]/O
N N
R—(T),—CHy” \”/ CH—(T),—R
O
(MO-5)
CH,—(T),—R
R—(T),— CH,—N
CH,—(T),—R
CH,
R H,C=CH—C—0—> H,=C—C—0—:
— 0—C—(CHy),—C—0H,
[
—O0—C—NH—(CH,),—C—OH, —OH, —CH;
[ [
o}
T ——(CHy),—> —OCH,——> ——OCH,CH,—>
— OCH,CH,CHy=—>  =——OCH,CH,CH,CH,—
—O(CO)—(CHy)y—> ——CO0—(CHy),—
—— OCH(CH3)—CH,—>  ——OCH,CH(CHz)—>
Z: —0—> —0—C—NH—(CH,),,—NH—C—0—
In the formulae above, n is from 0 to 14 and m is from 1
to 8. When plural Rs or plural Ts are present in one molecule,

plural Rs or plural Ts may be the same or different from each
other.
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In each of the polymerizable compounds represented by
formulae (MO-1) to (MO-5), at least one of plural Rs
represents a group represented by —OC(—O)CH—CH, or
—OC(=0)C(CH;)—CH,.

As to specific examples of the polymerizable compounds
represented by formulae (MO-1) to (MO-5), compounds
described in Paragraph Nos. [0248] to [0251] of JP-A-2007-
269779 may be suitably used also in the invention.

Compounds obtained by adding ethylene oxide or pro-
pylene oxide to the above-described polyfunctional alcohol
and then (meth)acrylating the adduct, described as formulae
(1) and (2) together with their specific examples in JP-A-
10-62986, may also be used as the polymerizable com-
pound.

Among them, preferred polymerizable compounds
include dipentaerythritol hexaacrylate (as a commercial
product, KAYARAD D-330, produced by Nippon Kayaku
Co., Ltd.), dipentaerythritol tetraacrylate (as a commercial
product, KAYARAD D-320, produced by Nippon Kayaku
Co., Ltd.), dipentaerythritol penta(meth)acrylate (as a com-
mercial product, KAYARAD D-310, produced by Nippon
Kayaku Co., Ltd.), dipentaerythritol hexa(meth)acrylate (as
a commercial product, KAYARAD DPHA, produced by
Nippon Kayaku Co., Ltd.), polyfunctional acrylate (as a
commercial product, KAYARAD RP-1040, produced by
Nippon Kayaku Co., [.td.), and structures where the (meth)
acryloyl group of the compounds described above are con-
nected through an ethylene glycol or propylene glycol
residue. Oligomer types of these compounds may also be
used. Preferred embodiments of the polymerizable com-
pound are described below.

The polymerizable compound may be a polyfunctional
compound having an acid group, for example, a carboxyl
group, sulfonic acid group or phosphoric acid group.

An ethylenic compound having an unreacted carboxyl
group may be used as it is, but, if desired, a non-aromatic
carboxylic anhydride may be reacted with a hydroxy group
of'the ethylenic compound to introduce an acid group. In this
case, specific examples of the non-aromatic carboxylic
anhydride include tetrahydrophthalic anhydride, an alky-
lated tetrahydrophthalic anhydride, hexahydrophthalic
anhydride, an alkylated hexahydrophthalic anhydride, suc-
cinic anhydride and maleic anhydride.

In the invention, the acid group-containing monomer is
preferably a polyfunctional monomer which is an ester of an
aliphatic polyhydroxy compound and an unsaturated car-
boxylic acid and obtained by reacting a non-aromatic car-
boxylic anhydride with an unreacted hydroxyl group of the
aliphatic polyhydroxy compound to introduce the acid
group, and particularly preferably the ester described above
where the aliphatic polyhydroxy compound is pentaerythri-
tol and/or dipentaerythritol. Examples of the commercial
product thereof include polybasic acid-modified acryl oli-
gomers M-510 and M-520 produced by Toagosei Co., Ltd.

One of the monomers may be used alone, but since it is
difficult to use a single compound in view of production, two
or more monomers may be used as a mixture. Also, as the
monomer, a polyfunctional monomer having no acid group
and an acid polyfunctional monomer having an acid group
may be used in combination, if desired.

The acid value of the polyfunctional monomer having an
acid group is preferably from 0.1 to 40 mg-KOH/g, and
particularly preferably from 5 to 30 mg-KOH/g. In the case
where two or more polyfunctional monomers having differ-
ent acid values are used in combination or where a poly-
functional monomer having no acid group is used in com-

10

15

20

25

30

35

40

45

50

55

60

65

110

bination, it is preferred to adjust the monomers such that the
acid value as the total polyfunctional monomer falls within
the range described above.

Also, it is a preferred embodiment as the polymerizable
monomer to contain a polyfunctional monomer having a
caprolactone structure.

The polyfunctional monomer having a caprolactone struc-
ture is not particularly restricted as long as it has a capro-
lactone structure in the molecule thereof, and includes, for
example, an e-caprolactone-modified polyfunctional (meth)
acrylate obtained by esterification of a polyhydric alcohol,
for example, trimethylolethane, ditrimethylolethane, trim-
ethylolpropane,  ditrimethylolpropane,  pentaerythritol,
dipentaerythritol, tripentaerythritol, glycerol, diglycerol or
trimethylolamine with (meth)acrylic acid and e-caprolac-
tone. Among them, a polyfunctional monomer having a
caprolactone structure represented by formula (Z-1) shown
below is preferred.

Z-1

CH,0—R CH,0—R

R—OCH, —C—CH, —0—CH,—C—CH,0—R

CH,0—R CH,0—R

In formula (Z-1), all of six Rs are groups represented by
formula (Z-2) shown below, or one to five of six Rs are
groups represented by formula (Z-2) shown below and the
reminder is a group represented by formula (Z-3) shown
below.

o (Z-2)

# —fm C —CH,CH,CH,CH,CH,0 47 C—C ==CH,

In formula (Z-2), R* represents a hydrogen atom or a
methyl group, m represents a number of 1 or 2, and *
represents a connecting portion.

(Z-3)
o R!

*—(C—C=CH,

In formula (Z-3), R' represents a hydrogen atom or a
methyl group and * represents a connecting portion.

The polyfunctional monomer having a caprolactone struc-
ture is commercially available as KAYARAD DPCA Series
from Nippon Kayaku Co., Ltd. and includes DPCA-20
(compound represented by formulae (Z-1) to (Z-3), wherein
m is 1, a number of the group represented by formula (Z-2)
is 2, and all of R' are hydrogen atoms), DPCA-30 (com-
pound represented by formulae (Z-1) to (Z-3), wherein m is
1, a number of the group represented by formula (Z-2) is 3,
and all of R' are hydrogen atoms), DPCA-60 (compound
represented by formulae (Z-1) to (Z-3), wherein m is 1, a
number of the group represented by formula (Z-2) is 6, and
all of R' are hydrogen atoms) and DPCA-120 (compound
represented by formulae (Z-1) to (Z-3), wherein m is 2, a
number of the group represented by formula (Z-2) is 6, and
all of R' are hydrogen atoms).
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The polyfunctional monomers having a caprolactone
structure may be used individually or as a mixture of two or
more thereof in the invention.

It is also preferred that the polymerizable compound for
use in the invention is at least one compound selected from
the group consisting of compounds represented by formulae
(Z-4) and (Z-5).

@4
CH,—0—(E),—X
X—(E)y— OCH,—C—CH,—O0—(E),,— X
CH,—O0—(E),—X
(Z-5)

CH,—0—(E),—X CH,—0—(E),—X
X —(E),— OCH, —C—CH,—0—CH, —C—CH,—0—(E),—X

CH,—0—(B),—X CH,—0—(E),—X

In formulae (Z-4) and (Z-5), E each independently rep-
resents —((CH,),CH,0)— or —((CH,),CH(CH;)O)—, y
each independently represents an integer from O to 10, and
X each independently represents an acryloyl group, a meth-
acryloyl group, a hydrogen atom or a carboxyl group.

In formula (Z-4), the total number of acryloyl groups and
methacryloyl groups is 3 or 4, m each independently rep-
resents an integer from O to 10, and the total of each m is an
integer from 0 to 40, provided that when the total of each m
is 0, any one of Xs is a carboxyl group.

In formula (Z-5), the total number of acryloyl groups and
methacryloyl group is 5 or 6, n each independently repre-
sents an integer from 0 to 10, and the total of each n is an
integer from O to 60, provided that when the total of each n
is 0, any one of Xs is a carboxyl group.

CH;==CH—C—0—CH,—CH,-0—CH,

e}
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In formula (Z-4), m is preferably an integer from 0 to 6,
and more preferably an integer from 0 to 4.

The total of each m is preferably an integer from 2 to 40,
more preferably an integer from 2 to 16, and particularly
preferably an integer from 4 to 8.

In formula (Z-5), n is preferably an integer from 0 to 6,
more preferably an integer from 0 to 4.

The total of each n is preferably an integer from 3 to 60,
more preferably an integer from 3 to 24, and particularly
preferably an integer from 6 to 12.

In a preferred embodiment of —((CH,),CH,O)— or
—((CH,),CH(CH;)O)— in formula (Z-4) or (Z-5), the
terminal on the oxygen atom side is connected to X.

The compounds represented by formulae (Z-4) and (Z-5)
may be used individually or in combination of two or more
thereof. In particular, an embodiment where all of six Xs in
formula (Z-5) are an acryloyl group is preferred.

The total content of the compound represented by formula
(Z-4) or (Z-5) in the polymerizable compound is preferably
20% by weight or more, and more preferably 50% by weight
or more.

The compound represented by formula (7-4) or (Z-5) can
be synthesized through a process of connecting a ring-
opened skeleton of ethylene oxide or propylene oxide to
pentaerythritol or dipentaerythritol by a ring-opening addi-
tion reaction, and a process of introducing a (meth)acryloyl
group into the terminal hydroxyl group of the ring-opened
skeleton by reacting, for example, (meth)acryloyl chloride,
which are conventionally known steps. Each process is a
well-known process and the compound represented by for-
mula (Z-4) or (Z-5) can be easily synthesized by a person
skilled in the art.

Of the compounds represented by formulae (Z-4) and
(Z-5), a pentaerythritol derivative and a dipentaerythritol
derivative are more preferred.

Specific examples of the compounds include compounds
represented by formulae (a) to (f) shown below (hereinafter,
also referred to as Compounds (a) to (t) sometimes), and
Compounds (a), (b), (e) and (f) are preferred.

(2)
CHZ—O—eCHZ—CHZ—Oﬁn—Cl—CH=CH2

e}

CHZ=CH—C—eo—CHZ—CHﬁﬂ—o—CHZ—c—CHZ—o—CHZ—C—CHZ—o—eCHZ—CHZ—o-)n—cl—CH=CH2

0
CHy==CH— C—0—CH,— CH,3—0—CH,

e}

0
CHZ—O—(—CHZ—CHZ—O—)n—ﬁ—CH=CH2

e}

(total of each n is 6)

CH;==CH—C—0—CH,—CH,%,0—CH,

¢}

(b)
CHZ—O—(—CHZ—CHZ—O-)n—Cl—CH=CH2

CHZ=CH—C—eo—CHZ—CHﬁﬂ—o—CHZ—c—CHZ—o—CHZ—C—CHZ—o—eCHZ—CHZ—Oﬁn—ﬁ—CH=CH2

CH,=CH— C—0—CH,— CH,5—0—CH,

e}

0
CHZ—O—(—CHZ—CHZ—O—)n—ﬁ—CHZCHZ

e}

(total of each n is 12)
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-continued

CH,=—=CH—C—0—CH,—CH,%-0—CH,

e}

(©
CHZ—O—eCHZ—CHZ—Oﬁn—Cl—CH=CH2

e}

CHy==CH—C—0—CH,— CH,3—0—CHy—C—CH, — 0—CH,—C— CH,— O—CH, —CH,—O3—H

e}

CHy==CH—C—0— CH,— CH,3—0—CH,

CH,—O—€CH, —CH, —03—C—CH=CH,

(total of each n is 12)

CH,=—=CH—C—0—CH—CH,3-0—CH,

0 CH;

(d)
CH,—O—¢CH,—CH—0-4—C—CH=CH,

"l
CH; 0

CHy==CH—C—0— CH— CH,3—0—CH,—C—CH, —0—CH,—C— CH,— O—¢ CHy — CH— 03— C—CH==CH,

0 CH;
CHy==CH—C—0— CH—CH,3—0—CH,

0 CH;

CH; 0
CH,—O—¢CH, —CH—03—C—CH=CH,

CH; 0

(total of each n is 6)

CH;==CH— C—0—CH,—CH,3—0—CH,

e}

CH2=CH—C—eO—CHZ—CHﬁm—O—CHZ—C—CHZ—O—ﬁCHZ—CHZ—Oﬁ;ﬁ—CH:CHZ

e}
CH,=~CH—C—0—CH,—CH,+—0—CI,
e}
(total of each n is 4)
CH==CH—C—0—CH,—CH 5~ 0—CH,

¢}

e}

CH2=CH—C—eO—CHZ—CHﬁm—O—CHZ—C—CHZ—O—ﬁCHZ—CHZ—Oﬁ;ﬁ—CH:CHZ

0
CHy==CH— C—0— CH,— CH,3—0—CH,
0

(total of each n is 12)

Examples of commercial product of the polymerizable
compounds represented by formulae (Z-4) and (Z-5) include
SR-494, which is a tetrafunctional acrylate having four
ethyleneoxy chains, produced by Sartomer Company, and
DPCA-60, which a hexafunctional acrylate having six pen-
tyleneoxy chains and TPA-330, which is a trifunctional
acrylate having three isobutyleneoxy chains, both produced
by Nippon Kayaku Co., Ltd.

Furthermore, urethane acrylates as described in JP-B-48-
41708, JP-A-51-37193, JP-B-2-32293 and JP-B-2-16765,
and urethane compounds having an ethylene oxide skeleton
described in JP-B-58-49860, IP-B-56-17654, JP-B-62-
39417 and JP-B-62-39418 are also suitable as the polymer-
izable compound. In addition, by using as the polymerizable
compound, an addition-polymerizable compound having an
amino structure or a sulfide structure in the molecule thereof
described in JP-A-63-277653, JP-A-63-260909 and JP-A-
1-105238, a curable composition very excellent in photo-
sensitive speed can be obtained.

Examples of commercial product of the polymerizable
compound include urethane oligomers UAS-10 and UAB-

65

e}

140 (produced by Sanyo Kokusaku Pulp Co., Ltd.),
UA-7200 (produced by Shin-Nakamura Chemical Co.,
Ltd.), DPHA-40H (produced by Nippon Kayaku Co., [.td.),
UA-306H, UA-306T, UA-3061, AH-600, T-600 and AI-600
(produced by Kyoeisha Chemical Co., Ltd.).

As to the polymerizable compound, details of the method
of using thereof, for example, the structure thereof, indi-
vidual or combination use or the amount thereof added can
be appropriately determined in accordance with the final
characteristic design of the colored composition. For
example, from the standpoint of sensitivity, a structure
having a large unsaturated group content per molecular is
preferred, and in many cases, a difunctional or higher
functional structure is preferred. From the standpoint of
increasing the strength of colored cured film, a trifunctional
or higher functional compound is preferred, a tetrafunctional
or higher functional compound is more preferred, and a
pentafunctional or higher functional compound is still more
preferred. Further, a method of using compounds having
different numbers of functional groups or different polym-
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erizable groups (for example, an acrylate, a methacrylate, a
styrene compound or a vinyl ether compound) in combina-
tion to control both the sensitivity and the strength is also
effective. Moreover, a combination use of trifunctional or
higher functional polymerizable compounds having differ-
ent ethylene oxide chain length is preferred.

Furthermore, the selection and use method of the polym-
erizable compound are also important factors for the com-
patibility and dispersibility with other components (for
example, a photopolymerization initiator, a coloring agent
(pigment) or a binder polymer) contained in the colored
composition. For example, the compatibility can be some-
times improved by using a low-purity compound or using
two or more kinds of compounds in combination. Also, a
specific structure may be selected for the purpose of improv-
ing the adhesion property to a hard surface of a support or
the like.

The content of the polymerizable compound in the col-
ored composition according to the invention is preferably
from 0.1 to 90% by weight, more preferably from 1.0 to 80%
by weight, particularly preferably from 2.0 to 70% by
weight, based on the solid content of the colored composi-
tion.

(Surfactant)

To the colored composition according to the invention
may be added various surfactants from the standpoint of
improving a coating property. As the surfactant, various
surfactants, for example, a fluorine-base surfactant, a non-
ionic surfactant, a cationic surfactant, an anionic surfactant
and a silicone-based surfactant can be used.

In particular, when the colored composition according to
the invention contains a fluorine-based surfactant, liquid
characteristic (particularly, fluidity) of a coating solution
prepared is more enhanced so that uniformity of the coating
thickness or liquid saving property can be more improved.

Specifically, in the case of forming a film by using a
coating solution prepared from the colored composition
containing a fluorine-based surfactant, the interface tension
between the surface to be coated and the coating solution is
reduced, whereby wettability to the surface to be coated is
improved and the coating property on the surface to be
coated is enhanced. This is effective in that even when a thin
film of about several um is formed with a small liquid
volume, a film less suffering thickness unevenness and
having a uniform thickness can be more suitably performed.

The fluorine content in the fluorine-based surfactant is
preferably from 3 to 40% by weight, more preferably from
5 to 30% by weight, and particularly preferably from 7 to
25% by weight. The fluorine-based surfactant having the
fluorine content in the range described above is effective in
view of the uniformity of the coating film thickness and the
liquid saving property and the solubility thereof in the
colored composition is good.

Examples of the fluorine-based surfactant include
MEGAFAC F-171, MEGAFAC F-172, MEGAFAC F-173,
MEGAFAC F-176, MEGAFAC F-177, MEGAFAC F-141,
MEGAFAC F-142, MEGAFAC F-143, MEGAFAC F-144,
MEGAFAC R-30, MEGAFAC F-437. MEGAFAC F-475,
MEGAFAC F-479, MEGAFAC F-482, MEGAFAC F-554,
MEGAFAC F-780 and MEGAFAC F-781 (all produced by
DIC Corp.), FLUORAD FC430, FLUORAD FC431 and
FLUORAD FC171 (all produced by Sumitomo 3M Ltd.),
SURFLON S-382, SURFLON SC-101, SURFLON SC-103,
SURFLON SC-104, SURFLON SC-105, SURFLON
SC-1068, SURFLON SC-381, SURFLON SC-383, SURF-
LON 8393 and SURFLON KH-40 (all produced by Asahi
Glass Co., Ltd.).
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Specific examples of the nonionic surfactant include
glycerol, trimethylolpropane, trimethylolethane, ethoxylate
and propoxylate thereof (for example, glycerol propoxylate
or glycerol ethoxylate), polyoxyethylene lauryl ether, poly-
oxyethylene stearyl ether, polyoxyethylene oleyl ether, poly-
oxyethylene octylphenyl ether, polyoxyethylene nonylphe-
nyl ether, polyethylene glycol dilaurate, polyethylene glycol
distearate and a sorbitan fatty acid ester (for example,
PLURONIC L10, L31, L61, L62, 10RS, 17R2 and 25R2,
TETRONIC 304, 701, 704, 901, 904 and 150R1 (all pro-
duced by BASF), PIONIN D-6512, D-6414, D-6112,
D-6115, D-6120, D-6131, D-6108-W, D-6112-W, D-6115-
W, D-6115-X and D-6120-X (produced by Takemoto Oil &
Fat Co., Ltd.) or SOLSPERSE 20000 (produced by Lubrizol
Japan Ltd.)).

Specific examples of the cationic surfactant include a
phthalocyanine derivative (EFKA-745, produced by Mor-
ishita & Co., [td.), organosiloxane polymer KP341 (pro-
duced by Shin-Etsu Chemical Co., Ltd.), (meth)acrylic acid
(co)polymer (POLYFLOW No. 75, No. 90 and No. 95
(produced by Kyoeisha Chemical Co., Ltd.), and WO001
(produced by Yusho Co., Ltd.).

Specific examples of the anionic surfactant include W004,
WO005 and WO017 (all produced by Yusho Co., Ltd.).

Examples of the silicone-based surfactant include
TORAY SILICONE DC3PA, TORAY SILICONE SH7PA,
TORAY SILICONE DCI11PA, TORAY SILICONE
SH21PA, TORAY SILICONE SH28PA, TORAY SILI-
CONE SH29PA, TORAY SILICONE SH30PA and TORAY
SILICONE SH8400 (all produced by Dow Corning Toray
Silicone Co., Ltd.), TSF-4440, TSF-4300, TSF-4445, TSF-
4460 and TSF-4452 (all produced by Momentive Perfor-
mance Materials Inc.), KP341, KF6001 and KF6002 (all
produced by Shin-Etsu Silicone Co., L.td.), and BYK307,
BYK323 and BYK330 (produced by Byk Chemie).

The surfactants may be used individually or in combina-
tion of two or more thereof.

The colored composition may or may not contain the
surfactant and in the case of containing the surfactant, the
amount added thereof is preferably from 0.001 to 2.0% by
weight, more preferably from 0.005 to 1.0% by weight,
based on the total weight of the colored composition.
(Curing Agent)

In the case where an epoxy resin is used as the curable
compound, a curing agent is preferably added. A curing
agent for epoxy resin has a wide variety and since property,
usable time of a mixture of the resin and curing agent,
viscosity, curing temperature, curing time, heat generation
and the like are widely varied depending on the kind of the
curing agent to be used, it is required to select an appropriate
curing agent depending on the intended use, conditions for
use and working conditions of the curing agent. With respect
to the curing agent, detailed explanations are made in
Hiroshi Kakiuchi ed., Epoxy Jushi (Epoxy Resin), Chapter 5
(Shoukoudo). Examples of the curing agent are shown
below.

Examples of the curing agent acting catalytically include
a tertiary amine and a boron trifluoride-amine complex;
examples of the curing agent acting reacting stoichiometri-
cally with a functional group of the epoxy resin include a
polyamine and an acid anhydride; examples of the curing
agent of normal temperature curing type include diethylen-
etriamine and a polyamide resin, examples of the curing
agent of medium temperature curing type include diethyl-
aminopropylamine and tris(dimethylaminomethyl)phenol;
and examples of the curing agent of high temperature curing
type include phthalic anhydride and meta-phenylenedi-
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amine. According to classification based on the chemical
structure, with respect to an amine, examples of an aliphatic
polyamine include diethylenetriamine; examples of an aro-
matic polyamine include meta-phenylenediamine; examples
of a tertiary amine include tris(dimethylaminomethyl)phe-
nol; examples of an acid anhydride include phthalic anhy-
dride, a polyamide resin, a polysulfide resin and boron
trifluoride-monoethylamine complex; examples of a syn-
thetic resin precondensate include a phenolic resin; and
examples of others include dicyandiamide.

The curing agent is reacted with an epoxy group by
heating and polymerized to increase in crosslink density,
thereby curing. Both the binder and the curing agent are
preferably used in amounts as small as possible for the
purpose of achieving the reduction in thickness, and par-
ticularly, with respect to the curing agent the amount thereof
is 35% by weight or less, preferably 30% by weight or less,
still more preferably 25% by weight or less, to the heat
curable compound.

(Curing Catalyst)

In order to realize the composition having a high concen-
tration of coloring agent, in addition to the curing by the
reaction with the curing agent, curing by reaction of the
epoxy groups mainly with each other is effective. Thus, a
curing catalyst may be used without using the curing agent.
With respect to the amount of the curing catalyst added, it is
possible to cure by a slight amount as approximately from
1/10 to 1/1,000, preferably approximately from 1/20 to
1/500, more preferably approximately from 1/30 to 1/250,
on a weight basis of an epoxy resin having epoxy equivalent
of approximately from 150 to 200.

(Polymerization Inhibitor)

To the colored composition according to the invention, a
small amount of a polymerization inhibitor is preferably
added in order to inhibit unnecessary thermal polymeriza-
tion of the polymerizable compound during production or
preservation of the colored composition.

Examples of the polymerization inhibitor which can be
used in the invention include hydroquinone, p-methoxyphe-
nol, di-tert-butyl-p-cresol, pyrogallol, tert-butylcatechol,
benzoquinone,  4,4'-thiobis(3-methyl-6-tert-butylphenol),
2,2'-methylenebis(4-methyl-6-tert-butylphenol) and N-ni-
trosophenylhydroxyamine cerous salt.

The amount of the polymerization inhibitor added is
preferably from about 0.01 to about 5% by weight based on
the weight of the total composition.

(Silane Coupling Agent)

In the colored composition according to the invention, a
silane coupling agent may be used from the standpoint of
further improving an adhesion property to a substrate.

The silane coupling agent preferably has an alkoxy group
as a hydrolyzable group capable of forming a chemical bond
with an inorganic material. It is also preferred to have a
group existing affinity to an organic resin by interaction or
bond formation and such an group preferably includes a
group having a (meth)acryloyl group, a phenyl group, a
mercapto group, a glycidyl group or an oxetanyl group, and
a group having a (meth)acryloyl group or a glycidyl group
is more preferred.

Specifically, the silane coupling agent for use in the
invention is preferably a compound having an alkoxysilyl
group and a (meth)acryloyl group or a glycidyl group.
Specific examples thereof include a (meth)acryloyl-
trimethoxysilane compound and a glycidyl-trimethoxysilane
compound having structures shown below.
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O/\/\Si(OCH3)3

>0 si0cm,

O

The silane coupling agent for use in the invention is also
preferably a compound having at least two functional groups
having different reactivities per molecule and particularly, a
compound having as the functional group, an amino group
and an alkoxy group is preferred. Such an silane coupling
agent includes, for example, N-f-aminoethyl-y-aminopro-
pylmethyldimethoxysilane (KBM-602, trade name, pro-
duced by Shin-Etsu Chemical Co., Ltd.), N-B-aminoethyl-
y-aminopropyltrimethoxysilane (KBM-603, trade name,
produced by Shin-Etsu Chemical Co., Ltd.), N-f-amino-
ethyl-y-aminopropyltriethoxysilane (KBE-602, trade name,
produced by Shin-Etsu Chemical Co., [.td.), y-aminopropy-
Itrimethoxysilane (KBM-903, trade name, produced by
Shin-Etsu Chemical Co., Ltd.) and y-aminopropyltriethox-
ysilane (KBE-903, trade name, produced by Shin-Etsu
Chemical Co., Ltd.).

In the case of using the silane coupling agent, the amount
of the silane coupling agent added is preferably from 0.1 to
5.0% by weight, more preferably from 0.2 to 3.0% by weight
based on the total solid content of the colored composition
according to the invention.
<Method of Preparing Colored Composition>

A preferred method of preparing a colored composition
according to the invention will be described, but the inven-
tion should not be construed as being limited thereto.

When a pigment is used as the coloring agent in the
colored composition according to the invention, a method of
using pigment which is microparticulated and has a sharp
particle size distribution is suitable. Specifically, a method of
using pigment comprising 75% by weight or more of
pigment particles having an average particle size of approxi-
mately 0.01 pm and a particle size within a range of
0.01£0.005 pm is preferred. In order to adjust the particle
size distribution of pigment to the range described above, a
method of dispersing pigment is particularly important.
Such a dispersing method includes, for example, a dispers-
ing method where dry-type dispersion (kneading dispersion
treatment) in which dispersion is conducted in a high
viscosity state using a kneader or a roll mill, for example, a
double roll and wet-type dispersion (fine dispersion treat-
ment) in which dispersion is conducted in a relatively low
viscosity state using, for example, a triple roll or a bead mill
are used in combination. In the dispersing method described
above, it is also preferred to disperse two or more kinds of
pigments together, not to use a solvent or to use a solvent in
an amount as small as possible in the kneading dispersion
treatment or to use various dispersing agents. Further, in
order to prevent solvent shock it is preferred to add the resin
component dividedly to the kneading dispersion treatment
and the fine dispersion treatment (two-divided use), or in
order to prevent re-aggregation of pigment particles at the
transfer from the kneading dispersion treatment to the fine
dispersion treatment it is preferred to use a resin component
excellent in the solubility. Moreover, means of using ceram-
ics having high hardness or means of using beads having a
small particle sire, as beads for the bead mill employed in the
fine dispersion treatment are also effective.
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According to the invention, it is preferred to use a
coloring agent obtained by using two or more pigments,
dispersing the two or more pigments in a high viscosity state
of 50,000 mPas or more, and then further dispersing in a
low viscosity state of 1,000 mPas or less.

In general, pigment is supplied through drying by various
methods after the synthesis thereof. Ordinarily, the pigment
is supplied in the form of powder dried from an aqueous
medium. However, since a large latent heat of evaporation is
necessary for drying water, large heat energy is imparted to
the dye in order to dry to make it powder. Therefore, the
pigment ordinarily has a form of an aggregate (secondary
particle) formed by aggregation of primary particles.

In the method of preparing a colored composition, in case
of using a pigment as the coloring agent, it is preferred that
the coloring agent (pigment) is first subjected to a kneading
dispersion treatment so that viscosity after the kneading
dispersion treatment with a binder described above becomes
a relatively high viscosity of 50,000 mPas or more (pref-
erably from 50,000 to 100,000 mPa-s). The kneading dis-
persion treatment may be performed by high viscosity
dispersion or dry-type dispersion. Then, after additionally
adding the binder described above to the dispersion obtained
by the kneading dispersion treatment, if desire, it is preferred
that the dispersion is subjected to a fine dispersion treatment
so that viscosity after the fine dispersion treatment becomes
a relatively low viscosity of 1,000 mPa-s or less (preferably
100 mPa-s or less). The fine dispersion treatment may be
performed by low viscosity dispersion or wet-type disper-
sion.

In the kneading dispersion treatment, a ratio of solvent is
preferably from 0 to 20% by weight based on the substance
to be dispersed. When the dispersion is conducted using
fewer amount of solvent as described above, wetting of the
surface of pigment particle with the constituting component
mainly composed of resin component as a vehicle can be
promoted so that the interface which the surface of pigment
particle forms can be converted from a solid/gas interface
between the pigment particle and air to a solid/liquid inter-
face between the pigment particle and the vehicle solution.
When the interface which the surface of pigment particle
forms is converted from air to the solution, followed by
mixing and stirring, the pigment can be dispersed to a fine
state close to the primary particles.

As described above, in order to highly disperse the
pigment, it is effective to convert an interface which the
surface of pigment particle forms from air to the solution. In
the conversion as above, a strong shearing force or com-
pression force is necessary. Accordingly, in the kneading
dispersion treatment described above, it is preferred to use
a kneader which can exert strong shearing force and com-
pression force and to use a high viscous substance to be
kneaded.

Also, in the fine dispersion treatment described above, it
is preferred to conduct the mixing and stirring together with
a dispersion media of glass or ceramic fine particle. Further,
a ratio of solvent in the fine dispersion treatment is prefer-
ably from 20 to 90% by weight based on the substance to be
dispersed. In the fine dispersion treatment, since it is nec-
essary that the pigment particles are dispersed uniformly and
stably to a fine state, it is preferred to use a dispersing
machine which can impart an impact force and a shearing
force to aggregated pigment particles and to use a low
viscous substance to be dispersed.

In the case of using a dye as the coloring agent, the
dispersion process as described above is not necessary and
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it may be sufficient only to dissolve the dye in an appropriate
solvent together with a binder.

In particular, in the case of using an epoxy compound as
the heat curable compound, the colored composition accord-
ing to the invention is preferably prepared by adding the heat
curable compound and the curing catalyst or curing agent to
the dispersion of pigment or solution of dye obtained as
above, or when the binder used is the heat curable com-
pound, adding the curing catalyst or curing agent to the
dispersion of pigment or solution of dye obtained as above
to impart the heat curable function, and if desired, adding a
solvent.
<Filter Filtration>

The colored composition according to the invention is
preferably filtered through a filter for the purpose of remov-
ing foreign substances or reducing defects.

As a filter for use in the filter filtration, a filter conven-
tionally used for filtration use or the like can be used without
particular restriction.

Examples of material of the filter include a fluorine resin,
for example, PTFE (polytetrafluoroethylene), a polyamide
resin, for example, nylon-6 or nylon 6,6, and a polyolefin
resin (including high-density polyolefin and ultrahigh-mo-
lecular weight polyolefin), for example, polyethylene or
polypropylene (PP). Of the materials, polypropylene (in-
cluding high-density polypropylene) is preferred.

A pore size of the filter is not particularly restricted and is,
for example, approximately from 0.01 to 20.0 mp, prefer-
ably approximately from 0.01 to 5 my, and more preferably
approximately from 0.01 to 2.0 mp.

By adjusting the pore size of filter in the range described
above, fine particles can be more effectively removed and
turbidity can be more reduced.

With respect to the pore size of filter, the nominal values
of the filter makers can be referred to. As to the commer-
cially available filter, the filter may be selected from various
kinds of filters offered, for example, from Japan Pall Co.,
Ltd., Advantec Toyo Co., Ltd., Nihon Entegris K. K. (the
former Nihon Mykrolis [.td.) or Kitz Micro Filter Corp.

In the filter filtration, two or more filters may be used in
combination.

For example, the filtration is initially conducted using a
first filter and then the filtration is conducted using a second
filter having a pore size different from that of the first filter.

The filtering with the first filter and filtering with the
second filter may be conducted only one time or two or more
times, respectively.

As the second filter, a filter formed of the same material
or the like as the first filter may be used.
<Color Filter and Method of Producing Thereof>

In the color filter according to the invention, of the
patterns which constitutes the color filter, at least one kind
of the patterns is a colored pattern formed from the colored
composition according to the invention described above.
The color filter according to the invention is not particularly
restricted as long as at least one kind of the patterns is a
colored pattern formed from the colored composition
according to the invention described above and is preferably
produced according to the method of producing a color filter
according to the invention described below.

In the method of producing a color filter according to the
invention, a first colored layer is formed using the colored
composition (also referred to as a first colored composition)
according to the invention described above.

Since the first colored layer is formed from the colored
composition according to the invention, it is excellent in the
heat resistance as described above. Therefore, even when the
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color filter is subjected to the process of heating at high
temperature (for example, a solder reflow process to a
solid-state imaging device having the color filter), the deg-
radation of hue of pixel obtained from the first colored layer
hardly occurs and the spectral characteristic of the color
filter is hardly changed.

In particular, it is effective for producing a color filter for
a solid-state imaging device in which a minute size, for
example, of 0.7 um or less in thickness and/or 2 um or less
(for example, from 0.5 to 2.0 um) in pixel pattern size
(length of one side of a square pattern) is required.

With respect to the solid-state imaging device, one
example is briefly described with reference to FIG. 1.

As shown in FIG. 1, a solid-state imaging device 10 is
composed of a photo detector (photo diode) 42 provided on
a silicon substrate, a color filter 13, a planarizing film 14, a
microlens 14 and the like. According to the invention, the
planarization film 14 is not always necessarily provided. In
FIG. 1, in order to clarify each of the parts, the ratio between
the thickness and width is disregarded and partly exagger-
ated.

As a support, in addition to the silicon substrate, any
support used for a color filter may be employed without
particular restriction. For instance, soda glass, borosilicate
glass and quartz glass and those obtained by attaching a
transparent conductive film thereto used for a liquid crystal
display element or the like and a photoelectric conversion
element substrate, for example, an oxidized film, silicon
nitride used for a solid-state imaging device or the like are
exemplified. Also, an intermediate layer or the like may be
provided between the support and the color filter 13 as long
as the advantage of the invention is not impaired.

On the silicon substrate is formed a P well 41 and the P
well has a photodiode 42 in a portion of the surface thereof.
The photodiode 42 is formed by ion-implantation of n-type
impurity, for example, P or As and then conducting a heat
treatment. Also, an impurity diffusion layer 43 having an
n-type impurity concentration which is higher than that of
the photodiode 42 is formed in a region of the surface of the
P well 41 of silicon substrate which is different from the
portion described above. The impurity diffusion layer 43 is
formed by ion-implantation of n-type impurity, for example,
P or As and then conducting a heat treatment and plays a role
of a floating diffusion layer for transferring charges gener-
ated upon receiving incident light by the photodiode 42. In
addition to use the composition wherein the well 41 func-
tions as a p-type impurity layer and the photodiode 42 and
the impurity diffusion layer 43 function as n-type impurity
layers, a composition wherein the well 41 functions as an
n-type impurity layer and the photodiode 42 and the impu-
rity diffusion layer 43 function as p-type impurity layers can
also be practiced.

On the P well 41, the photodiode 42 and the impurity
diffusion layer 43, an insulating film 47 composed, for
example, of SiO, or SiO,/SiN/SiO, is formed. On the
insulating film 47, an electrode 44 composed, for example,
of poly Si, tungsten, tungsten silicide, Al or Cu is provided.
The electrode 44 plays a role of a gate of a gate MOS
transistor and can play a role of a transfer gate for transfer-
ring the charges generated in the photodiode 42 to the
impurity diffusion layer 43. Above the electrode 44, further,
a wiring layer 45 is formed. Above the wiring layer 45,
further, a BPSG film 46 and P—SiN film 48 are formed. An
interface between the BPSG film 46 and the P—SiN film 48
is formed in the form of curving downward above the
photodiode 42, and plays a role of an interlayer lens for
efficiently guiding incident light to the photodiode 42. On
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the BPSG film 46 is formed a planarizing layer 49 for the
purpose of planarizing the surface of the P—SiN film 48 and
irregular portions other than the pixel area.

On the planarizing layer 49 is formed a color filter 13. In
the description below, a colored film formed on a silicon
substrate without partitioning areas (a so-called solid film) is
referred to as a “colored (colored radiation-sensitive) layer”
and a colored film formed with partitioning areas into a
pattern (for example, a film patterned in a stripe shape) is
referred to as a “colored pattern”. Also, of the colored
patterns, a colored pattern (for example, a colored pattern
patterned in a square shape or a rectangle shape) which is an
element constituting the color filter 13 is referred to as a
“colored (red color, green color or blue color) pixel”.

The color filter 13 is constituted from a plurality of green
color pixels (first colored pixels) 20G, red color pixels
(second colored pixels) 20R and blue color pixels (third
colored pixels) 20B two-dimensionally arrayed. The colored
pixel 20R, 20G and 20B are formed at the position above the
photo detectors 42, respectively. The green color pixel 20G
is formed in a checkered pattern and the blue color pixel 20B
and the red color pixel 20R are formed between the respec-
tive green color pixels 20G. In FIG. 1, for the purpose of
explaining that the color filter 13 is constituted from the
three color pixels, the colored pixel 20R, 20G and 20B are
arranged in a row.

The planarizing film 14 is formed so as to cover above the
color filter 13 to planarize a surface of the color filter. In the
case where the planarization treatment is conducted at the
final stage of the production method of a color filter, the
planarizing film is not always necessary.

The microlens 15 is a condenser lens arranged so as to
direct the convex surface thereof upward and is provided
above the planarizing film 14 (or color filter when the
planarizing film is not formed) and the photo detectors 42.
Each of the microlenses 15 efficiently guides light from the
object to each of the photo detectors 42.

Now, methods of producing a color filter according to the
first to fifth embodiments of the invention are described.

In the method of producing a color filter according to the
first embodiment of the invention, first of all, a first colored
layer 11 is formed (step (A)) with a first colored composition
as shown in the schematic cross-sectional view of FIG. 2.
The first colored composition used is the colored composi-
tion according to the invention described hereinbefore.

Since a preferred embodiment is that the first colored
layer 11 is a green color transmission layer, the coloring
agent used in the first colored layer is preferably one or more
coloring agents selected from C. 1. Pigment Green 7, 10, 36,
37 and 58 and C. 1. Pigment Yellow 1, 2, 3, 4, 5, 6, 10, 11,
12, 13, 14, 15, 16, 17, 18, 20, 24, 31, 32, 34, 35, 35:1, 36,
36:1,37,37:1, 40, 42, 43, 53, 55, 60, 61, 62, 63, 65, 73, 74,
77, 81, 83, 86, 93, 94, 95, 97, 98, 100, 101, 104, 106, 108,
109, 110, 113, 114, 115, 116, 117, 118, 119, 120, 123, 125,
126, 127, 128, 129, 137, 138, 139, 147, 148, 150, 151, 152,
153, 154, 155, 156, 161, 162, 164, 166, 167, 168, 169, 170,
171,172,173, 174, 175, 176, 177, 179, 180, 181, 182, 185,
187, 188, 193, 194, 199, 213 and 214.

The formation of the first colored layer 11 is conducted by
coating the colored composition on a support by a coating
method, for example, a spin coating method, a slit coating
method or a spray coating method and drying to form a
colored layer.

The thickness of the first colored layer 11 is preferably in
a range from 0.3 to 1 um, more preferably in a range from
0.35t0 0.8 um, and still more preferably in a range from 0.35
to 0.7 um.
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In the case where the first colored composition contains a
curable compound, it is preferred that the first colored layer
11 is heated to be cured by a heating device, for example, a
hot plate or an oven. The heating temperature is preferably
from 120 to 250° C., and more preferably from 160 to 230°
C. Although the heating time may be varied depending on
the heating means, in case of heating on a hot plate, it is
ordinarily approximately from 3 to 30 minutes and in case
of'heating in an oven, it is ordinarily approximately from 30
to 90 minutes.

Then, the first colored layer 11 is subjected to patterning
with dry etching so as to form a through-hole group (step
(B)). Thus, a first colored pattern is formed. According to
this method, the through-hole group having the desired
configuration is more steadily formed in comparison with a
case where a first colored layer is formed with the colored
radiation-sensitive composition and the first colored layer is
exposed and developed to provide a through-hole group.
This is because that in a colored radiation-sensitive compo-
sition in which a content of the coloring agent is 50% by
weight or more based on the total solid content of the
composition, the space for adding components contributing
to the developing ability is limited to result in difficulty in
the steady patterning.

The first colored pattern may be a colored pattern pro-
vided on a support as a first color or a colored pattern
provided on a support having a previously provided pattern,
as a pattern, for example, a second colored pattern or a third
or more order colored pattern.

The dry etching of the first colored layer 11 is conducted
with etching gas using a patterned photoresist layer as a
mask. For example, as shown in the schematic cross-
sectional view of FIG. 3, a photoresist layer 51 is first
formed on the first colored layer 11.

Specifically, a positive or negative radiation-sensitive
composition is coated on the colored layer and dried to from
a photoresist layer. In the formation of the photoresist layer
51, it is preferred to further conduct a prebake treatment. In
particular, as a process for forming a photoresist, a configu-
ration in which a heat treatment after exposure (PEB) or a
heat treatment after development (postbake treatment) is
conducted is desirable.

As the photoresist, for example, a positive radiation-
sensitive composition is used. As the positive radiation-
sensitive composition, a positive resist composition suitable
for a positive photoresist, which responds to radiation, for
example, an ultraviolet ray (g-ray, h-ray or i-ray), a far
ultraviolet ray including an excimer laser or the like, an
electron beam, an ion beam or an X-ray, is used. Of the
radiations, g-ray, h-ray or i-ray is preferred and i-ray is more
preferred for the exposure.

Specifically, as the positive radiation-sensitive composi-
tion, a composition containing a quinonediazide compound
and an alkali-soluble resin is preferred. The positive radia-
tion-sensitive composition containing a quinonediazide
compound and an alkali-soluble resin utilizes that a qui-
nonediazide group is decomposed into a carboxyl group by
light irradiation with a wavelength of 500 nm or less and as
a result, the quinonediazide compound is shifted from an
alkali-insoluble state to an alkali-soluble state. Since this
positive photoresist is remarkably excellent in the resolving
power, it is used for producing an integrated circuit, for
example, IC or LSI. Examples of the quinonediazide com-
pound include a naphthoquinonediazide compound.
Examples of the commercially available compound include
FHi622BC (produced by FUIIFILM Electronic Materials
Co., Ltd.).
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The thickness of the photoresist layer 51 is preferably
from 0.1 to 3 um, more preferably from 0.2 to 2.5 pm, and
still more preferably from 0.3 to 2 um. The coating of the
photoresist layer 51 is suitably conducted using the coating
method described with respect to the first colored layer 11.

Then, as shown in the schematic cross-sectional view of
FIG. 4, a resist pattern (patterned photoresist layer) 52
provided with a resist through-hole group 51A is formed by
exposure and development of the photoresist layer 51.

The formation of the resist pattern 52 is not particularly
restricted and can be conducted by appropriately optimizing
heretofore known techniques of photolithography. By pro-
viding the resist through-hole group 51A in the photoresist
layer 51 by exposure and development, the resist pattern 52
which is used as a etching mask in a subsequent etching
process is provided on the first colored layer 11.

The exposure of the photoresist layer 51 can be conducted
by exposing a positive or negative radiation-sensitive com-
position to g-ray, h-ray or i-ray, preferably to i-ray through
a predetermined mask pattern. After the exposure, develop-
ment processing is conducted using a developer to remove
the photoresist corresponding to the region where a colored
pattern is to be formed.

As the developer, any developer which does not affect the
first colored layer containing a coloring agent and dissolves
the exposed area of the positive resist or the uncured area of
the negative resist may be used and, for example, a combi-
nation of various organic solvent or an aqueous alkaline
solution is used. As the aqueous alkaline solution, an aque-
ous alkaline solution prepared by dissolving an alkaline
compound so as to have concentration from 0.001 to 10% by
weight, and preferably from 0.01 to 5% by weight is
suitable. Examples of the alkaline compound include
sodium hydroxide, potassium hydroxide, sodium carbonate,
sodium silicate, sodium metasilicate, aqueous ammonia,
ethylamine, diethylamine, dimethylethanolamine, tetram-
ethylammonium hydroxide, tetraethylammonium hydrox-
ide, choline, pyrrole, piperidine and 1,8-diazabicyclo-
[5.4.0]-7-undecene. When an aqueous alkaline solution is
used as the developer, a washing treatment with water is
ordinarily conducted after the development.

Then, as shown in the schematic cross-sectional view of
FIG. 5, the first colored layer 11 is subjected to patterning
with dry etching so as to form a through-hole group 120 in
the first colored layer 11 using the resist pattern 52 as an
etching mask. Thus, a first colored pattern 12 is formed.

The through-hole group 120 has a first through-hole
portion group 121 and a second through-hole portion group
122.

The through-hole group 120 is provided checkerwise in
the first colored layer. Thus, the first colored pattern 12
composed of the through-hole group 120 provided in the
first colored layer 11 has checkerwise plural quadrangular
first colored pixels.

Specifically, the dry etching is conducted by dry etching
the first colored layer 11 using the resist pattern 52 as an
etching mask. Representative examples of the dry etching
include methods described in JP-A-59-126506, JP-A-59-
46628, JP-A-58-9108, JP-A-58-2809, JP-A-57-148706 and
JP-A-61-41102.

The dry etching is preferably conducted in a configuration
described below from the standpoint of forming a pattern
cross-section closer to that of a rectangle and further reduc-
ing damage to a support.

The configuration is preferred which includes a first stage
etching of etching up to an area (depth) where the support is
not revealed by using mixed gas of fluorine-based gas and
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oxygen gas (O,), a second stage etching of preferably
etching up to the vicinity of an area (depth) where the
support is revealed by using mixed gas of nitrogen gas (N,)
and oxygen gas (O,) after the first stage etching, and an
over-etching conducted after the support has been revealed.
A specific manner of the dry etching as well as the first stage
etching, the second stage etching and the over-etching are
described below.

The dry etching is conducted with previously obtaining
the etching conditions in the manner described below.

(1) An etching rate (nm/min) in the first stage etching and an
etching rate (nm/min) in the second stage etching are
calculated respectively.

(2) A time for etching a predetermined thickness in the first
stage etching and a time for etching a predetermined thick-
ness in the second stage etching are calculated respectively.
(3) The first stage etching is conducted according to the
etching time calculated in (2) above.

(4) The second stage etching is conducted according to the
etching time calculated in (2) above. Alternatively, an etch-
ing time is determined by endpoint detection, and the second
stage etching may be conducted according to the etching
time determined.

(5) The over-etching time is calculated in response to the
total time of (3) and (4) above, and the over-etching is
conducted according to the etching time determined.

The mixed gas used in the first stage etching step pref-
erably contains fluorine-based gas and oxygen gas (O,) from
the standpoint of processing an organic material of the film
to be etched into a rectangle shape. The first stage etching
step may avoid damage to the support by adopting the
configuration of etching up to an area where the support is
not revealed.

After the etching is conducted up to an area where the
support is not revealed by the mixed gas of fluorine-based
gas and oxygen gas in the first stage etching step, etching
treatment in the second stage etching step and etching
treatment in the over-etching step is preferably conducted by
using the mixed gas of nitrogen gas and oxygen gas from the
standpoint of avoiding damage to the support.

It is important that a ratio between the etching amount in
the first stage etching step and the etching amount in the
second stage etching step is determined so as not to dete-
riorate the rectangularity by the etching treatment in the first
stage etching step. The ratio of the etching amount in the
second stage etching step in the total etching amount (the
sum of the etching amount in the first stage etching step and
the etching amount in the second stage etching step) is
preferably in a range of more than 0% and 50% or less, and
more preferably from 10 to 20%. The etching amount means
an amount calculated from a difference between a remaining
film thickness of the film to be etched and a thickness of the
film before etching.

Further, the etching preferably includes an over-etching
treatment. The over-etching treatment is preferably con-
ducted by determining an over-etching rate. The over-
etching rate is preferably calculated from an etching treat-
ment time which is conducted at first. Although the over-
etching rate may be appropriately determined, it is
preferably 30% or less, more preferably from 5 to 25%,
particularly preferably from 10 to 15%, of the etching
processing time in the etching steps from the standpoint of
etching resistance of photoresist and preservation of the
rectangularity of the etching pattern.

Then, as shown in the schematic cross-sectional view of
FIG. 6, the resist pattern (that is, etching mask) 52 remaining
after the etching is removed. The removal of the resist
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pattern 52 preferably includes a step of supplying a stripping
solution or a solvent on the resist pattern 52 to make the
resist pattern 52 a removable state, and a step of removing
the resist pattern 52 using washing water.

The step of supplying a stripping solution or a solvent on
the resist pattern 52 to make the resist pattern 52 a remov-
able state includes, for example, a step of paddle develop-
ment by supplying a stripping solution or a solvent at least
on the resist pattern 52 and retaining for a predetermined
time. The time for retaining the stripping solution or a
solvent is not particularly restricted and is preferably from
several tens of seconds to several minutes.

The step of removing the resist pattern 52 using washing
water includes, for example, a step of removing the resist
pattern 52 by spraying washing water from a spray nozzle of
spray type or shower type onto the resist pattern 52. As the
washing water, pure water is preferably used. The spray
nozzle includes a spray nozzle a spray area of which covers
entire the support and a mobile spray nozzle a mobile area
of which covers entire the support. In the case where the
spray nozzle is a mobile spray nozzle, the resist pattern 52
can be more effectively removed by moving the mobile
spray nozzle twice or more from the center of support to the
edge of the support to spray washing water in the step of
removing the resist pattern 52.

The stripping solution ordinarily contains an organic
solvent and may further contain an inorganic solvent. The
organic solvent includes, for example, 1) a hydrocarbon
compound, 2) a halogenated hydrocarbon compound, 3) an
alcohol compound, 4) an ether or acetal compound, 5) a
ketone or aldehyde compound, 6) an ester compound, 7) a
polyhydric alcohol compound, 8) a carboxylic acid or an
acid anhydride compound thereof, 9) a phenol compound,
10) a nitrogen-containing compound, 11) a sulfur-containing
compound, and 12) a fluorine-containing compound. The
stripping solution preferably contains a nitrogen-containing
compound, and more preferably contains an acyclic nitro-
gen-containing compound and a cyclic nitrogen-containing
compound.

The acyclic nitrogen-containing compound is preferably
an acyclic nitrogen-containing compound having a hydroxy
group. Specifically, for example, monoisopropanolamine,
diisopropanolamine, triisopropanolamine, N-ethyletha-
nolamine, N,N-dibutylethanolamine, N-butylethanolamine,
monoethanolamine, diethanolamine or triethanolamine is
exemplified, and monoethanolamine, diethanolamine or tri-
ethanolamine is preferred and monoethanolamine
(H,NCH,CH,OH) is more preferred. The cyclic nitrogen-
containing compound includes, for example, isoquinoline,
imidazole, N-ethylmorpholine, e-caprolactam, quinoline,
1,3-dimethyl-2-imidazolidinone, a-picoline, a-picoline,
y-picoline, 2-pipecoline. 3-pipecoline, 4-pipecoline, pipera-
zine, piperidine, pyrazine, pyridine, pyrrolidine, N-methyl-
2-pyrrolidinone, N-phenyl morpholine, 2,4-lutidine and 2,6-
Iutidine. N-methyl-2-pyrrolidinone or N-ethyl morpholine is
preferred and N-methyl-2-pyrrolidinone (NMP) is more
preferred.

The stripping solution preferably contains both the acyclic
nitrogen-containing compound and the cyclic nitrogen-con-
taining compound, more preferably contains at least one
selected from monoethanolamine, diethanolamine and tri-
ethanolamine as the acyclic nitrogen-containing compound
and at least one selected from N-methyl-2-pyrrolidinone and
N-ethyl morpholine as the cyclic nitrogen-containing com-
pound, and still more preferably contains monoetha-
nolamine and N-methyl-2-pyrrolidinone.
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In the removal with the stripping solution, it is sufficient
that the photoresist pattern 52 formed on the first colored
pattern 12 is removed, and in a case where a deposit of an
etching product is attached to the side wall of the first
colored pattern 12, the deposit is not always necessary to be
completely removed. The deposit means an etching product
attached and deposited to the side wall of colored layer.

It is preferred that the content of the acyclic nitrogen-
containing compound is from 9 to 11 parts by weight based
on 100 parts by weight of the stripping solution, and the
content of the cyclic nitrogen-containing compound is from
65 to 70 parts by weight based on 100 parts by weight of the
stripping solution. The stripping solution is preferably that
prepared by diluting a mixture of the acyclic nitrogen-
containing compound and the cyclic nitrogen-containing
compound with pure water.

Then, as shown in the schematic cross-sectional view of
FIG. 7, a second colored radiation-sensitive layer 21 is
stacked using a second colored radiation-sensitive compo-
sition on the first colored layer (that is, the first colored
pattern 12 having a through-hole group 120 formed in the
first colored layer 11) so as that an inside of each through-
hole of the first through-hole part group 121 and second
through-hole part group 122 is filled with the second colored
radiation-sensitive composition to form a plurality of second
colored pixels (step (C)). Thus, a second colored pattern 22
having the plurality of second colored pixels is formed in the
through-hole group 120 in the first colored layer 11. The
second colored pixel is a pixel having a square shape. The
formation of the second colored radiation-sensitive layer 21
can be carried out in the same manner as in the method of
forming the first colored layer 11 described above.

The thickness of the second colored radiation-sensitive
layer 21 is preferably in a range from 0.3 to 1 um, more
preferably in a range from 0.35 to 0.8 um, and still more
preferably in a range from 0.35 to 0.7 pm.

Then, the second colored radiation-sensitive layer 21 and
the plurality of second colored pixels 22R formed in the
inside of each through-hole of the second through-hole part
group 122 are removed by exposing and developing a
position 21A of the second colored radiation-sensitive layer
21 corresponding to the first through-hole part group 121
provided in the first colored layer 11 (step (D)) (see the
schematic cross-sectional view of FIG. 8.).

Then, as shown in the schematic cross-sectional view of
FIG. 9, a third colored radiation-sensitive layer 31 is formed
using a third colored radiation-sensitive composition on the
first colored layer (that is, the first colored pattern 12 having
the second colored pattern 22 formed in the first through-
hole part group 121) so as that an inside of each through-
hole of the second through-hole part group 122 is filled with
the third colored radiation-sensitive composition to form a
plurality of third colored pixels (step (E)). Thus, a third
colored pattern 32 having the plurality of third colored
pixels is formed in the second through-hole part group 122
in the first colored layer 11. The third colored pixel is a pixel
having a square shape. The formation of the third colored
radiation-sensitive layer 31 can be carried out in the same
manner as in the method of forming the first colored layer 11
described above.

The thickness of the third colored radiation-sensitive layer
21 is preferably in a range from 0.3 to 1 um, more preferably
in a range from 0.35 to 0.8 pum, and still more preferably in
a range from 0.35 to 0.7 pm.

Then, the third colored radiation-sensitive layer 31 is
removed by exposing and developing a position 31A of the
third colored radiation-sensitive layer 31 corresponding to
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the second through-hole part group 122 provided in the first
colored layer 11 (step (D)), whereby, as shown in the
schematic cross-sectional view of FIG. 10, a color filter 100
having the first colored pattern 12, the second colored
pattern 22 and the third colored pattern 32 is produced.

Next, methods of producing a color filter according to the
second embodiment and the third embodiment of the inven-
tion are described.

In the method of producing a color filter according to the
second embodiment or the third embodiment of the inven-
tion, first of all, a first colored layer is formed using a colored
composition (first colored composition) described above
according to the invention in the same manner as in step (A)
of the first embodiment described above.

Then, the first colored layer is subjected to patterning with
dry etching so as to form a plurality of first through-holes as
a through-hole group (step (B)). Thus, a first colored pattern
is formed.

The dry etching of the first colored layer 11 is conducted
with etching gas using a patterned photoresist layer as a
mask. In the same manner as in the first embodiment, for
example, as shown in the schematic cross-sectional view of
FIG. 3, a photoresist layer 51 is first formed on the first
colored layer 11. The method of forming photoresist layer,
materials for the photoresist layer and preferred thickness of
the photoresist layer are same as those described in the first
embodiment.

According to the second embodiment or the third embodi-
ment, as shown in the schematic cross-sectional view of
FIG. 11, a resist pattern (patterned photoresist layer) 52'
provided with a plurality of resist through-holes 51A' is
formed by exposure and development of the photoresist
layer 51.

The formation of the resist pattern 52' is not particularly
restricted and can be conducted by appropriately optimizing
heretofore known techniques of photolithography. By pro-
viding the plurality of resist through-holes 51A' in the
photoresist layer 51 by exposure and development, the resist
pattern 52' which is used as a etching mask in a subsequent
etching process is provided on the first colored layer 11.

Then, as shown in the schematic cross-sectional view of
FIG. 12, the first colored layer 11 is subjected to patterning
with dry etching so as to form a plurality of first through-
holes 121 in the first colored layer 11 using the resist pattern
52' as an etching mask. Thus, a first colored pattern 12' is
formed. The first through-hole 121 corresponds to the first
through-hole portion group 121 in the first embodiment.
Therefore, the plurality of first through-holes 121 formed in
the first colored layer 11 each has preferably a square shape.

The method of obtaining the resist pattern 52' by pattern-
ing including the formation, exposure and development of
the photoresist layer and preferred embodiments thereof and
the method of dry etching and preferred embodiments
thereof are same as the methods and preferred embodiments
thereof described in the first embodiment.

Then, as shown in the schematic cross-sectional view of
FIG. 13, the resist pattern (that is, etching mask) 52' remain-
ing after the etching is preferably removed. The removal of
the resist pattern 52' can be conducted in the same manner
as in the removal of the resist pattern 52 described in the first
embodiment.

Then, as shown in the schematic cross-sectional view of
FIG. 14, a second colored layer 21' is stacked using a second
colored composition on the first colored layer so as that an
inside of each through-hole of the first through-hole 121 is
filled with the second colored composition to form a plu-
rality of second colored pixels (step (C'). Thus, a second
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colored pattern 22 having the plurality of second colored
pixels is formed in the first through-hole group 121 in the
first colored layer 11.

The second colored pixel is preferably a pixel having a
square shape. The formation of the second colored layer 21'
can be carried out in the same manner as in the method of
forming the first colored layer 11 described above.

Preferred ranges of the thickness of second colored layer
21' is same as the preferred ranges of the thickness of second
colored radiation-sensitive layer described in the first
embodiment.

Then, a plurality of first colored pixel is formed by
patterning with dry etching so as to form a plurality of
second through-holes different from the plurality of first
through-holes in the first colored layer (step (D")).

Before conducting the step (D') or after conducting the
step (D", a step of conducting a planarization treatment (step
(D™) is conducted.

Due to the difference whether the step of conducting a
planarization treatment (step (D")) is conducted before con-
ducting the step (D') or the step of conducting a planarization
treatment (step (D")) is conducted after conducting the step
(D", there are two embodiments. Hereinafter, an embodi-
ment wherein the step of conducting a planarization treat-
ment (step (D")) is conducted before conducting the step
(D" is referred to as a second embodiment and an embodi-
ment where the step of conducting a planarization treatment
(step (D)) is conducted after conducting the step (D)") is
referred to as a third embodiment.

First, the second embodiment where the planarization
treatment is conducted before conducting the step (D') and
after the step (C') of stacking the second colored layer in the
method of producing a color filter according to the invention
is explained.

In the second embodiment, the step (D") of conducting a
planarization treatment of the second colored layer until at
least the first colored layer is revealed before conducting the
step (D") of forming a plurality of first colored pixels by
patterning with dry etching so as to form a plurality of
second through-holes different from the plurality of first
through-holes in the first colored layer.

Thus, the second colored layer 21' shown in the schematic
cross-sectional view of FIG. 14 can be removed. The cross-
sectional view of FIG. 15 indicates a state where the second
colored layer 21' shown in the schematic cross-sectional
view of FIG. 14 is removed by the planarization treatment.

The planarization treatment includes, for example, an
etch-back treatment where the entire surface is subjected to
dry etching or a polishing treatment, for example, a chemical
mechanical polishing (CMP) treatment where the entire
surface is subjected to chemical and mechanical polishing.

As a slurry used for the polishing (CMP) treatment, an
aqueous solution having pH from 9 to 11 and containing
from 0.5 to 20% by weight of SiO, abrasive grain having a
particle size from 10 to 100 nm is preferably used. As a
polishing pad, a soft type, for example, continuously foamed
urethane is preferably used. The polishing is performed by
using the slurry and polishing pad described above under the
conditions of a slurry flow rate from 100 to 250 ml/min, a
wafer pressure from 0.2 to 5.0 psi and a retainer ring
pressure from 1.0 to 2.5 psi. After the completion of the
polishing treatment, a cleaning process where the polished
surface is subjected to a precision cleaning treatment and a
dehydration treatment process where the cleaned surface is
subjected to a dehydration bake treatment (preferably at
temperature from 100 to 200° C. for 1 to 5 minutes)
(dehydration treatment) are conducted.
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Then, the step (D') is conducted by a step of obtaining a
resist pattern 52" having a plurality of resist through-holes
51C by patterning the photoresist layer with conducting
exposure and development as shown in the schematic cross-
sectional view of FIG. 16 and a step of dry etching the first
colored layer 11 using the resist pattern 52" as an etching
mask as shown in the schematic cross-sectional view of FIG.
17. Thus, a plurality of second through-holes 122 is formed
in the first colored pattern 12'. As a result, the plurality of
first through-holes 121 and the plurality of second through-
holes 122 are provided checkerwise in the first colored layer
11 and the first colored pattern 12 obtained has a plurality of
first colored pixels each having a square shape.

The method of obtaining the resist pattern 52" by pat-
terning including the formation, exposure and development
of the photoresist layer and preferred embodiments thereof
and the method of dry etching and preferred embodiments
thereof are same as the methods and preferred embodiments
thereof described in the first embodiment.

Then, as shown in the schematic cross-sectional view of
FIG. 8, the resist pattern (that is, etching mask) 52" remain-
ing after the etching is removed. The removal of the resist
pattern 52" can be conducted in the same manner as in the
method described for the removal of the resist pattern 52'
above.

Next, the third embodiment where the planarization treat-
ment is conducted after conducting the step (D') and before
a step (E) of stacking a third colored radiation-sensitive
layer described hereinafter is explained.

In the third embodiment, as shown in the schematic
cross-sectional view of FIG. 18, the step (D') is conducted by
a step of obtaining a resist pattern 52" having a plurality of
resist through-holes 51B by patterning the photoresist layer
with conducting exposure and development as shown in the
schematic cross-sectional view of FIG. 18 and a step of dry
etching the first colored layer 11 using the resist pattern 52™
as an etching mask as shown in the schematic cross-
sectional view of FIG. 19. Thus, a plurality of second
through-holes 122 is formed in the first colored pattern 12'.
As a result, the plurality of first through-holes 121 and the
plurality of second through-holes 122 are provided check-
erwise in the first colored layer 11 and the first colored
pattern 12 obtained has a plurality of first colored pixels each
having a square shape.

The method of obtaining the resist pattern 52" by pat-
terning including the formation, exposure and development
of the photoresist layer and preferred embodiments thereof
and the method of dry etching and preferred embodiments
thereof are same as the methods and preferred embodiments
thereof described above.

Then, as shown in the schematic cross-sectional view of
FIG. 20, the resist pattern (that is, etching mask) 52™
remaining after the etching is removed. The removal of the
resist pattern 52" can be conducted in the same manner as
in the method described for the removal of the resist pattern
52' above.

Then, the second colored layer 21' shown in the schematic
cross-sectional view of FIG. 20 is removed by conducting
the planarization treatment. Thus, the second colored layer
21" in the schematic cross-sectional view of FIG. 20 is
removed by the planarization treatment to obtain the state
shown in the schematic cross-sectional view of FIG. 8 same
as in the first embodiment or the second embodiment.

The method of the planarization treatment and preferred
embodiments thereof are same as those described above.

Then, as to the first colored layer 11 having the plurality
of second through-holes 122 obtained by the second
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embodiment or the third embodiment as shown in the
schematic cross-sectional view of FIG. 8, the third colored
radiation-sensitive layer 31 is stacked using the third colored
radiation-sensitive composition on the first colored layer
(that is, the first colored pattern 12 having the second
colored pattern 22 formed in the first through-hole part
group 121) so as that an inside of each through-hole of the
second through-holes 122 is filled with the third colored
radiation-sensitive composition to form a plurality of third
colored pixels (step (E)) same as in the first embodiment, as
shown in the schematic cross-sectional view of FIG. 9. Thus,
a third colored pattern 32 having the plurality of third
colored pixels is formed in the second through-hole 122 in
the first colored layer 11.

The third colored pixel is preferably a pixel having a
square shape. The formation of the third colored radiation-
sensitive layer 31 can be carried out in the same manner as
in the method of forming the first colored layer 11 described
above.

Preferred ranges of the thickness of the third colored
radiation-sensitive layer 31 are same as the preferred ranges
of the thickness of the third colored radiation-sensitive layer
31 in the first embodiment.

Then, the third colored radiation-sensitive layer 31 is
removed by exposing and developing a position 31A of the
third colored radiation-sensitive layer 31 corresponding to
the second through-hole 122 provided in the first colored
layer 11 (step (D)) same as in the first embodiment. Thus, as
shown in the schematic cross-sectional view of FIG. 10, a
color filter 100 having the first colored pattern 12, the second
colored pattern 22 and the third colored pattern 32 is
produced.

Next, a method of producing a color filter according to the
fourth embodiment of the invention is described.

In the fourth embodiment of the invention, the first
colored layer 12 as shown in the schematic cross-sectional
view of FIG. 8, that is, the first colored pattern 12 having the
second colored pattern 22 formed in the first through-hole
part group (plurality of the first through-holes) 121 and the
plurality of second through-holes 122 formed is formed
according to the method same as in the second embodiment.

Then, as shown in the schematic cross-sectional view of
FIG. 21, a step (E') is conducted wherein a third colored
radiation-sensitive layer 31' is formed using a third colored
radiation-sensitive composition on the first colored layer
(that is, the first colored pattern 12 having the second
colored pattern 22 formed in the first through-hole part
group 121) so as that an inside of each through-hole of the
second through-hole 122 is filled with the third colored
radiation-sensitive composition to form a plurality of third
colored pixels. Thus, a third colored pattern 32 having the
plurality of third colored pixels is formed in the second
through-hole 122 in the first colored layer 11.

The third colored pixel is preferably a pixel having a
square shape. The formation of the third colored radiation-
sensitive layer 31' can be carried out in the same manner as
in the method of forming the first colored layer 11 described
above.

Preferred ranges of the thickness of the third colored layer
31' are same as the preferred ranges of the thickness of the
third colored radiation-sensitive layer 31 in the first embodi-
ment.

Then, the third colored layer 31' stacked on the first
colored layer (that is, the first colored pattern 12 wherein the
second colored pattern 22 and the third colored pattern 32
are formed in the first through-hole part group 121 and the
second through-hole part group 122, respectively) is sub-

5

10

15

20

25

30

35

40

45

55

60

65

132

jected to a step of conducting a planarization treatment until
at least the first colored layer is revealed (step (F')) to be
removed.

The method of the planarization treatment and preferred
embodiments thereof are same as the method of the pla-
narization treatment and preferred embodiments thereof
described in the second embodiment and the third embodi-
ment.

Thus, as shown in the schematic cross-sectional view of
FIG. 10, a color filter 100 having the first colored pattern 12,
the second colored pattern 22 and the third colored pattern
32 is produced.

Next, a method of producing a color filter according to the
fifth embodiment of the invention is described.

The fifth embodiment of the invention is an embodiment
wherein the planarization treatment in not conducted before
conducting the step (D') of forming a plurality of first
colored pixels by patterning with dry etching so as to form
a plurality of second through-holes different from the plu-
rality of first through-holes in the first colored layer in the
fourth embodiment. In other words, in the fifth embodiment,
a state just after conducting the step (D') is same as the state
shown in the schematic cross-sectional view of FIG. 20
described in the third embodiment.

Then, as shown in the schematic cross-sectional view of
FIG. 22, a layer composed of the second colored layer 21'
and the third colored layer 31" formed using a third colored
radiation-sensitive composition is stacked on the first col-
ored layer (that is, the first colored pattern 12 having the
second colored pattern 22 formed in the first through-hole
part group 121) so as that an inside of each through-hole of
the second through-hole 122 is filled with the third colored
composition to form a plurality of third colored pixels (step
(E).

The third colored pixel is preferably a pixel having a
square shape. The formation of the third colored layer 31"
can be conducted in the same manner as in the method of
forming the first colored layer 11 described above.

Preferred ranges of the thickness of the third colored layer
31" are same as the preferred ranges of the thickness of the
third colored radiation-sensitive layer 31 in the first embodi-
ment.

Then, the layer composed of the second colored layer 21'
and the third colored layer 31" stacked on the first colored
layer (that is, the first colored pattern 12 wherein the second
colored pattern 22 and the third colored pattern 32 are
formed in the first through-hole part group 121 and the
second through-hole part group 122, respectively) is sub-
jected to conducting a planarization treatment until at least
the first colored layer is revealed (step (F')) to be removed.

Thus, as shown in the schematic cross-sectional view of
FIG. 10, a color filter 100 having the first colored pattern 12,
the second colored pattern 22 and the third colored pattern
32 is produced.

The method of the planarization treatment and preferred
embodiments thereof are same as the method of the pla-
narization treatment and preferred embodiments thereof
described in the second embodiment and the third embodi-
ment.

The second colored composition (including a configura-
tion of the second colored radiation-sensitive composition)
and the third colored composition (including a configuration
of the third colored radiation-sensitive composition) con-
tains coloring agents, respectively. Although as to the col-
oring agents, those described above in the colored compo-
sition according to the invention are similarly exemplified,
it is preferred that one of the second colored pixel and the
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third colored pixel is a red color transmission part and the
other is a blue color transmission part portion. The colored
agent contained in the colored composition for forming the
red color transmission part is preferably one or more col-
oring agents selected from C. I. Pigment Orange 2, 5, 13, 16,
17:1, 31, 34, 36, 38, 43, 46, 48, 49, 51, 52, 55, 59, 60, 61,
62, 64, 71 and 73 and C. I. Pigment Red 1, 2, 3, 4, 5, 6, 7,
9,10, 14, 17, 22, 23, 31, 38, 41, 48:1, 48:2, 48:3, 48:4, 49,
49:1, 49:2, 52:1, 52:2, 53:1, 57:1, 60:1, 63:1, 66, 67, 81:1,
81:2, 81:3, 83, 88, 90, 105, 112, 119, 122, 123, 144, 146,
149, 150, 155, 166, 168, 169, 170, 171, 172, 175, 176, 177,
178, 179, 184, 185, 187, 188, 190, 200, 202, 206, 207, 208,
209, 210, 216, 220, 224, 226, 242, 246, 254, 255, 264, 270,
272 and 279, and the colored agent contained in the colored
composition for forming the blue color transmission part is
preferably one or more coloring agents selected from C. 1.
Pigment Violet 1, 19, 23, 27,32, 37 and 42 and C. 1. Pigment
Blue 1,2, 15,15:1, 15:2, 15:3, 15:4, 15:6, 16, 22, 60, 64, 66,
79 and 80.

The second colored composition and the third colored
composition may contain as components other than the
coloring agent, the components other than the coloring agent
in the colored composition according to the invention
described above, respectively. Preferred ranges of the con-
tents of the components other than the coloring agent based
on the total solid content of the colored composition are
same as the ranges described in the colored composition
according to the invention above. Also, a solid content acid
value of a resin contained in the second colored composition
or the third colored composition is not always necessary to
be more than 80 mg KOH/g.

As the second colored radiation-sensitive composition
and the third colored radiation-sensitive composition, nega-
tive radiation-sensitive compositions are preferably used,
respectively. As the negative radiation-sensitive composi-
tion, a negative radiation-sensitive composition, which
responds to radiation, for example, an ultraviolet ray (g-ray,
h-ray or i-ray), a far ultraviolet ray including an excimer
laser or the like, an electron beam, an ion beam or an X-ray,
is used. Of the radiations, g-ray, h-ray or i-ray is preferred
and i-ray is more preferred for the exposure.

Specifically, the negative radiation-sensitive composition
is preferably a composition containing, for example, a
photopolymerization initiator, a polymerization component
(polymerizable compound) and a binder resin (for example,
an alkali-soluble resin) is preferred and includes, for
example, compositions described in Paragraph Nos. [0017]
to [0064] of JP-A-2005-326453. It is utilized that in such a
negative radiation-sensitive composition, due to irradiation
of radiation the photopolymerization initiator initiates a
polymerization reaction of the polymerizable compound and
as a result, the composition is changed from an alkali-
soluble state to an alkali-insoluble state.

The exposure of the second colored radiation-sensitive
layer 21 or the third colored radiation-sensitive layer 31 can
be conducted by exposure, for example, to g-ray, h-ray or
i-ray, preferably exposure to i-ray.

The development carried out after the exposure is ordi-
narily conducted by development processing with a devel-
oper. As the developer, those same as the developers
described for the exposure and development of the photo-
resist layer 51 are exemplified.

When an aqueous alkaline solution is used as the devel-
oper, a washing treatment with water is ordinarily conducted
after the development.

In each of the second colored pixel and the third colored
pixel, the content of the coloring agent to the pixel is
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preferably 30% by weight or more, more preferably 35% by
weight or more, and still more preferably 40% by weight or
more. Also, the content of the coloring agent to the pixel is
ordinarily 90% by weight or less, and preferably 80% by
weight or less.

Specifically, the content of the coloring agent based on the
total solid content of the colored composition for forming
each of the second colored pixel and the third colored pixel
is preferably in the range described above.

Alength of a side of the first colored pixel, second colored
pixel or third colored pixel (indicating a length of a short
side when the pixel is a rectangle and a length of a side when
the pixel is a square) is preferably from 0.5 to 1.7 um, more
preferably from 0.6 to 1.5 um, from the standpoint of image
resolution.

As described above, according to the method of produc-
ing a color filter of the invention, since the first colored layer,
thus, the first colored pixel is formed with the colored
composition having a high concentration of coloring agent
according to the invention, the thickness of the first colored
pixel can be extremely reduced (for example, 0.7 pm or
less). Therefore, the method of producing a color filter
capable of producing a color filter which is prevented from
causing the crosstalk (color mixing of light) is achieved.

Also, the first colored pixel formed from the colored
composition according to the invention is excellent in the
heat resistance as described above. Thus, even when the
color filter having the first colored pixel is subjected to the
process of heating at high temperature (for example, a solder
reflow process to a solid-state imaging device having the
color filter), the degradation in hue of the first colored pixel
hardly occurs and the spectral characteristic of the color
filter is hardly changed. As a result, the color filter of high
performance can be produced.

The color filter obtained from the colored composition
according to the invention can be suitably used for a liquid
crystal display device (LCD) or a solid-state imaging device
(for example, CCD or CMOS). Also, it can be suitably used
for an image display device, for example, electronic paper or
an organic EL. In particular, the color filter according to the
invention can be suitably used for a solid-state imaging
device, for example, CCD or CMOS.

Further, the color filter according to the invention is
suitable as a color filter for a liquid crystal display device.
The liquid crystal display device equipped with the color
filter can display images of high image quality having good
tint and excellent display characteristics.

The definition of the display device and details of the
respective display devices are described, for example, in
Akio Sasaki, Denshi Display Device (Electronic Display
Device), published by Kogyo Chosakai Publishing Co., Ltd.
(1990) and Sumiaki Ibuki, Display Device (Display Device),
published by Sangyo-Tosho Publishing Co., Ltd. (1989).
The liquid crystal display devices are described, for
example, in Tatsuo Uchida, ed., Jisedai Ekisho Display
Gijustu (Next Generation Liquid Crystal Display Tech-
niques), published by Kogyo Chosakai Publishing Co. Ltd.
(1994). The liquid crystal display device to which the
invention can be applied is not specifically restricted and the
invention can be applied to liquid crystal display devices of
various systems described, for example, in Jisedai Ekisho
Display Gijustu (Next Generation Liquid Crystal Display
Techniques) above.

The color filter according to the invention is useful for
color TFT liquid crystal display devices. The color TFT
Liquid crystal display device is described, for example, in
Color TFT Ekisho Display (Color TFT Liquid Crystal Dis-
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play), published by Kyoritsu Shuppan Co., Ltd. (1996).
Further, the invention can also be applied to liquid crystal
display devices with enlarged viewing angle, for instance, of
a transverse electric field driving system, for example, IPS
or of a pixel division system, for example, MVA, and STN,
TN, VA, OCS, FFS and R-OCB.

Moreover, the color filter according to the invention is
applicable to a COA (Color-filter On Array) system with
brightness and high definition.

In a colored layer formed in the COA system, it is
necessary to form a conductive path, for example, a rectan-
gular through-hole having a length of a side approximately
from 1 to 15 pum or a reversed C-shaped recess in order to
bring an ITO electrode arranged on the colored layer and a
terminal of a driving substrate below the colored layer into
conduction. The dimension of the conductive path (that is,
length of a side) is particularly preferably set to 5 um or less,
and it is also possible to form a conductive path of 5 um or
less by using the invention. These image display systems are
described, for example, in EL, PDP, LCD Display—Gijutsu
to Shijo no Saishin Doko—(EL, PDP, LCD Display—Cur-
rent Trend of Techniques and Markets—), published by
Investigative Research Department, Toray Research Center,
Inc. (2001), page 43.

The liquid crystal display device according to the inven-
tion is composed of, as well as the color filter according to
the invention, various members, for example, an electrode
substrate, a polarizing film, a retardation film, a backlight, a
spacer or a viewing angle compensation film. The color filter
according to the invention is applied to liquid crystal display
devices composed of these known members. These mem-
bers are described, for example, in Kentaro Shima, *94
Ekisho Display Shuhen Zairyo Chemicals no Shijo (*94
Markets of Peripheral Materials and Chemicals for Liquid
Crystal Displays), published by CMC Publishing Co., Ltd.
(1994) and Ryokichi Omote, 2003 Ekisho Kanrven Shijo no
Genjyo to Shourai Tenbo (Gekan)(2003 Liquid Crystal
Related Market and Future Outlook (Last Volume), pub-
lished by Fuji Chimera Research Institute Inc. (2003).

The backlight is described, for example, in A. Konno et
al., SID Meeting Digest 1380 (2005) and Gekkan Display
(Monthly Display), December, 2005, pages 18 to 24 (Yas-
vhiro Shima) and pages 25 to 30 (Takaaki Yagi).

In case of using the color filter according to the invention
in the liquid crystal display device, a high contrast is
achieved when combined with a heretofore known three-
wavelength cold-cathode tube. In addition, by using LED
light sources (RGB-LED) of red, green and blue as the
backlight, a liquid crystal display device having high bright-
ness and good color reproducibility with high color purity
can be provided.

EXAMPLES

The present invention will be specifically described below
with reference to the following examples, but the invention
should not be construed as being limited thereto. Unless
otherwise particularly indicated, “part” and “%” are on a
weight basis. In case of conducting a treatment using a
commercially available treating solution in each step, unless
otherwise particularly indicated, the treatment is conducted
according to the method specified by the maker.
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Examples 1 to 42 and Comparative Examples 1
and 2

Example 6
Preparation of Pigment Dispersion

—Preparation of Green Pigment Dispersion—

A mixed solution composed of 8.6 parts by weight of C.
1. Pigment Green 36 of phthalocyanine pigment and 5.7
parts by weight of C. 1. Pigment Yellow 185 as pigments, 1.4
parts by weight of Derivative A as a pigment derivative, 4.3
parts by weight of Dispersing Agent A as a dispersing resin
and 80 parts by weight of propylene glycol monomethyl
ether acetate (PGMEA) as a solvent was mixed and dis-
persed in a bead mill for 15 hours to prepare Green pigment
dispersion.
<Preparation of Green Pigment-Containing Composition
(Coating Solution)>

Using Green pigment dispersion described above, a col-
ored curable composition was prepared by mixing and
stirring so as to make the composition shown below.

<Composition>

Pigment dispersion: Green pigment dispersion described 89.7 parts
above

Curable compound: Additive A 0.86 parts
Solvent: PGMEA 9.44 parts
Surfactant: 0.2% PGMEA solution of F-781 (produced by 3.0 parts

DIC Corp.) (polymer type surfactant, weight average
molecular weight: 30,000, solid content acid value:
0 mg KOH/g)

Examples 1 to 5 and 7 to 42 and Comparative
Examples 1 and 2

With respect to the examples and comparative examples
in which both the pigment concentration (content of the
pigment based on the total solid content of the colored
curable composition) and the D/P value (weight ratio of
dispersing resin/pigment) were same as those in Example 6,
the kinds of the pigment, pigment derivative, dispersing
resin and curable compound were changed to those shown in
Tables 1 and 2 to prepare the colored curable compositions,
respectively.

With respect to the examples in which the D/P value is
different from that in Example 6, the colored curable com-
positions were prepared in the same manner as in Example
6 except that the kinds of the pigment, pigment derivative,
dispersing resin and curable compound were changed to
those shown in Tables 1 and 2, the amount of the dispersing
resin was changed so as to make the DIP value shown in
Tables 1 and 2, Tables 1 and 2, and the amount of the curable
compound was adjusted to make the concentration of the
pigment based on the total solid content of the colored
curable composition to be the value shown in Tables 1 and
2, respectively.

With respect to the examples in which the D/P value is
same as that in Example 6, but the pigment concentration is
different from that in Example 6, the colored curable com-
positions were prepared in the same manner as in Example
6 except that the kinds of the pigment, pigment derivative,
dispersing resin and curable compound were changed to
those shown in Tables 1 and 2, and the amount of the curable
compound was adjusted to make the concentration of the
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pigment based on the total solid content of the colored
curable composition to be the value shown in Tables 1 and
2, respectively.

In the examples and comparative examples, the dispersing

138
coated on a glass wafer using a spin coater so as to have a
thickness after drying of 0.55 m and heated by a hot plate at
200° C. for 300 seconds.
Green color filter thus-obtained was further heated by a

agents used had the solid content acid value shown in the 5 hot plate at 260° C. for 300 seconds and then cooled to room
tables below. temperature. Spectral change of transmittance of Green
color filter before and after the heating at 260° C. for 300
Evaluation of Colored Composition seconds was measured using MCPD-3000 (produced by
Otsuka Electronics Co., L.td.) and from the color difference
(Heat Resistance) 10 AEab obtained the heat resistance was evaluated. The lower
Each of Green colored curable compositions for the value of AEab means the more excellent heat resistance.
examples and comparative examples obtained above was The results of the evaluation are shown in the table below.
TABLE 1
Pigment Solid
Concentration Content Heat
Weight (% by Pigment  Dispersing Acid Value Curable Resistance
Pigment  Ratio weight) D/P  Derivative Resin (mgKOH/g) Compound (AEab)
Example 1 G36/Y139  60/40 70 0.3 Derivative A Dispersing 20 Additive A 0.5
Example 2 G36/Y150  60/40 70 0.3 Agent A 0.5
Example 3 G36/Y185  60/40 50 0.3 0.6
Example 4 55 0.3 0.7
Example 5 60 0.4 0.5
Example 6 60 0.3 0.6
Example 7 Additive B 0.6
Example 8 Additive C 0.5
Example 9 Additive D 0.6
Example 10 Additive E 0.8
Example 11 Additive F 0.7
Example 12 Additive G 0.6
Example 13 100 Additive A 0.4
Example 14 Additive B 0.5
Example 15 Additive C 0.5
Example 16 Additive D 0.4
Example 17 Additive E 0.4
Example 18 Additive F 0.4
Example 19 Additive G 0.5
TABLE 2
Pigment Solid
Concentration Content Heat
Weight (% by Pigment  Dispersing  Acid Curable Resistance
Pigment Ratio weight) D/P  Derivative Resin Value  Compound (AEab)
Example 20  G36/Y185 60/40 60 0.3 Derivative A Dispersing 20 Additive A 0.7
Example 21 Agent A 110 0.5
Example 22 130 0.4
Example 23 Dispersing 20 0.6
Example 24 Agent B 110 0.5
Example 25 130 0.4
Example 26 Dispersing 20 0.7
Example 27 Agent C 110 0.6
Example 28 130 0.5
Example 29 Dispersing 20 0.8
Example 30 Agent D 110 0.6
Example 31 130 0.5
Example 32 70 0.35 Dispersing 20 0.8
Example 33 80 0.2 Agent A 1.0
Example 34 G58/Y139 60/40 70 0.3 0.8
Example 35 G58/Y150 60/40 70 0.3 0.8
Example 36  G58/Y185 60/40 70 0.3 0.7
Example 37 G36/G7/Y139 80/10/10 70 0.3 0.9
Example 38 G36/G7/Y139/Y185  60/10/20/10 70 0.3 0.9
Example 39  G36/Y150/Y139 80/10/10 70 0.3 0.8
Example 40  G36/Y150/Y185 80/10/10 70 0.3 0.8
Example 41  G58/Y150/Y139 80/10/10 70 0.3 0.8
Example 42 G58/Y150/Y185 80/10/10 70 0.3 0.7
Comparative G36/Y185 60/40 60 0.3 Derivative A Dispersing 30 Additive A 6.8
Example 1 Agent A
Comparative 60 4.5

Example 2
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The abbreviations and compounds described in Tables 1
and 2 are shown below.
(Coloring agent)
G7: CI. Pigment Green 7
G36: C. 1. Pigment Green 36
G58: C. 1. Pigment Green 58
Y139: C. 1. Pigment Yellow 139
Y150: C. 1. Pigment Yellow 150
Y185: C. 1. Pigment Yellow 185
(Pigment Derivative)

Derivative A

H
SN
(6] % N
\/\/ \/
N N
o N N N
H
(6]

(Dispersing Agent)

In the compounds (with the exception of Dispersing
Agent A) shown below, the numerical value attached to each
structural unit (the numerical value attached to the repeating
unit of the main chain) indicates the content (% by weight:
shown as (wt %)) of the structural unit. The numerical value
attached to the repeating portion of the side chain indicates
the number of repetitions of the repeating portion. Also, a
and b in Dispersing Agent A each represents a number of the
partial structure shown in the parentheses and satisfies
a+b=6.

HOOC

Dispersing Agent A

(1) a=3.5, b=2.5, Acid value=30 mgKOH/g, Mw=20,000
(2) a=5.5, b=0.5, Acid value=60 mgKOH/g, Mw=20,000
(3) a=5.5, b=0.5, Acid value=90 mgKOH/g, Mw=10,000
(4) a=5.5, b=0.5, Acid value=100 mgKOH/g, Mw=8,000

—
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-continued
(wt %)

(6] (6]

e

Dispersing Agent B

(1) a=14, b=86, Acid value=90 mgKOH/g, Mw=25,000
(2) a=17, b=83, Acid value=110 mgKOH/g, Mw=25,000
(3) a=20, b=80, Acid value=130 mgKOH/g, Mw=25,000

OH
(6] O
2
(6]
%
- (wt %) o
{_lo
o O/\/ ~g
(6]
Dispersing Agent C

(1) a=48, b=52, Acid value=90 mgKOH/g, Mw=18,000
(2) a=59, b=41, Acid value=110 mgKOH/g, Mw=18,000
(3) a=70, b=30, Acid value=130 mgKOH/g, Mw=18,000

j\/ S (0] (o) q
HOOC W o \[(\/ «
Et
~
0 A 0 0 0 A

(6] (6]

O
e}

HO



US 9,442,373 B2

141

-continued

< (wt%)

w

O (6]

MTOMO 20
10
O O

Dispersing Agent D

(1) a=45, b=55, Acid value=90 mgKOH/g, Mw=30,000
(2) a=55, b=45, Acid value=110 mgKOH/g, Mw=30,000
(3) a=65, b=35, Acid value=130 mgKOH/g, Mw=30,000
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(6] OH 35

40

HN\H/OMO 20 45
(6] (6]

Dispersing Agent E

(1) a=37, b=63, Acid value=90 mgKOH/g, Mw=18,000
(2) a=45, b=55, Acid value=110 mgKOH/g, Mw=18,000
(3) a=53, b=47, Acid value=130 mgKOH/g, Mw=18,000

(Curable compound)

Sy

Mw = 2230

Additive A
60

o

5
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-continued
Additive B

ad R

(0] (0]
Additive C
OH
H3COH,C CH,OCH;3
CH,OCH;

B | B OH
T\

CH,OCH;
H3;COH,C CH,OCH;
OH
Additive D
0
H;COH,C )k CH,OCH;
~y N
N N
m,come”” \”/ N CIL0CH,
0
Additive E
0
Z
céN NéC
o¥
Additive F
Additive G

Hs WO o\[(\/ SH
(6] (6]
HS \/\H/O O O\n/\/ SH
HS \/\“/Oo OO\“/\/ SH
(6] (6]
Additive A: EHPE-3150
Additive B: Dipentaerythritol hexaacrylate
Additive C: ADEKASTAB

Additive D: N,N,N,N-Tetra(methoxymethyl)glycoluril
Additive E: Hexamethylene diisocyanate
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Additive F: Divinylbenzene
Additive G: Dipentaerythritol hexakis(3-mercaptopropi-
onate)

As shown in Tables 1 and 2, it can be seen that the colored
compositions in which a solid content acid value of the resin
is more than 80 mg KOH/g of the examples are excellent in
the heat resistance.

Further, when the pigment was changed to a pigment
mixture of C. I. Pigment Blue 15:6 and C.I. Pigment Violet
23 in a weight ratio of 80:20 or a pigment mixture of C. 1.
Pigment Red 254 and C. 1. Pigment Yellow 139 in a weight
ratio of 75:25 in the examples described above, the results
excellent in the heat resistance were obtained.
(Preparation of Red Pigment Dispersion)

A mixed solution composed of 8.3 parts by weight of C.
1. Pigment Red 254 and 3.7 parts by weight of C. 1. Pigment
Yellow 139 as pigments, 4.8 parts by weight of BYK-161
(produced by BYK Chemie) as a pigment dispersing agent
and 83.2 parts by weight of PGMEA was mixed and
dispersed in a bead mill for 15 hours to prepare Red pigment
dispersion R1.

(Preparation of Blue Pigment Dispersion)

A mixed solution composed of 9.5 parts by weight of C.
1. Pigment Blue 15:6 and 2.4 parts by weight of C.1. Pigment
Violet 23 as pigments, 5.6 parts by weight of BYK-161
(produced by BYK Chemie) as a pigment dispersing agent
and 82.5 parts by weight of PGMEA was mixed and
dispersed in a bead mill for 15 hours to prepare Blue
pigment dispersion B1.

(Preparation of colored radiation-sensitive composition
for forming red filter)

Pigment dispersion: Red pigment dispersion R1 described 51.2 parts
above
Photopolymerization initiator: IRGACURE OXE-01 0.87 parts
(produced by BASF)
Polymerizable compound: KAYARAD RP-1040 (produced 4.7 parts
by Nippon Kayaku Co., Ltd.)
Binder: ACA230AA (produced by Daicel Corp.) 7.4 parts
Polymerization inhibitor: p-Methoxyphenol 0.002 parts
Nonionic surfactant: PIONIN D-6112-W (produced by 0.19 parts
Takemoto Oil & Fat Co., Ltd.)
Silane coupling agent: 0.9% Cyclohexanone solution of 10.8 parts
KBM-602 (produced by Shin-Ftsu Chemical Co., Ltd.)
Organic, solvent: PGMEA 14.3 parts
Organic solvent: Cyclohexanone 6.4 parts
Fluorine-based surfactant: 0.2% Cyclohexanone solution 4.2 parts
of F-781 (produced by DIC Corp.)

(Preparation of colored radiation-sensitive composition for

forming blue filter)

Pigment dispersion: Blue pigment dispersion B1 described 51.2 parts
above
Photopolymerization initiator: IRGACURE OXE-01 0.87 parts
(produced by BASF)
Polymerizable compound: KAYARAD RP-1040 (produced 4.7 parts
by Nippon Kayaku Co., Ltd.)
Binder: ACA230AA (produced by Daicel Corp.) 7.4 parts
Polymerization inhibitor: p-Methoxyphenol 0.002 parts
Nonionic surfactant: PIONIN D-6112-W (produced by 0.19 parts
Takemoto Oil & Fat Co., Ltd.)
Silane coupling agent: 0.9% Cyclohexanone solution of 10.8 parts
KBM-602 (produced by Shin-Ftsu Chemical Co., Ltd.)
Organic solvent: PGMEA 14.3 parts
Organic solvent: Cyclohexanone 6.4 parts
Fluorine-based surfactant: 0.2% Cyclohexanone solution of 4.2 parts

F-781 (produced by DIC Corp.)
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Step of Forming Green Color Pattern (Green Color
Pixel) by Dry Etching

(Formation of Green Color Layer)

The colored composition for forming green color filter for
each of the examples and comparative examples was coated
on a glass wafer by a spin coater so as to form a layer having
a thickness of 0.6 um, dried by a hot plate at 100° C. for 180
seconds and then subjected to a heat treatment (post bake)
using a hot plate at 200° C. for 300 seconds to form a green
color layer. The thickness of the green color layer was 0.6
pm.

(Coating of Resist for Mask)

Then, a positive resist (FHi622BC, produced by FUIJIF-
ILM Electronic Materials Co., Ltd.) was coated on the green
color layer and subjected to pre bake to form a photoresist
layer having a thickness of 0.8 um.

(Pattern Exposure and Development of Resist for Mask)

Then, the photoresist layer was subjected to pattern expo-
sure using an i-ray stepper (produced by Canon Inc.) in an
exposure amount of 350 mJ/cm? and then heat treatment for
one minute at temperature at which the temperature of the
photoresist layer or ambient temperature reached 90° C.
Then, development processing was conducted using a devel-
oper (FHD-5, produced by FUJIFILM Electronic Materials
Co., Ltd.) for one minute and then a post back treatment was
conducted at 110° C. (for one minute to from a resist pattern.
The resist pattern formed was a pattern in which square
resist films each having one side length of 1.25 um were
arranged checkerwise, in consideration of an etching con-
version difference (decrease in a pattern width by etching).
(Dry Etching)

Then, using the resist pattern as an etching mask, dry
etching of the green color layer was conducted in the
procedure described below.

A first stage etching treatment was conducted for 80
seconds using a dry etching device (U-621, produced by
Hitachi, [.td.) under the conditions of RF power 800 W;
antenna bias: 400 W; wafer bias: 200 W; inner pressure of
chamber: 4.0 Pa; substrate temperature: 50 C.°; and the kind
and flow rate of mixed gas: CF,: 80 ml/min, O,: 40 ml/min
and Ar: 800 ml/min.

The scraping amount of the green color layer under the
conditions described above was 534 nm (etching amount of
89%) and about 58 nm of the green color layer remained.

Then, a second stage etching treatment and an over
etching treatment were conducted with an over-etching ratio
of 20% to the total etching using the same etching device
under the conditions of RF power: 600 W; antenna bias: 100
W; wafer bias: 250 W; inner pressure of chamber: 2.0 Pa;
substrate temperature: 50 C.°; and the kind and flow rate of
mixed gas: N,: 500 ml/min, O,: 50 ml/min and Ar: 500
ml/min (N,/O,/Ar=10/1/10).

The etching rate of the green color layer under the
conditions of second stage etching treatment was 600
nm/min or more and it took a period of about 10 seconds to
etch the remaining green color layer. By adding 10 seconds
of the etching time for the second stage etching treatment to
80 seconds of the etching time for the first stage etching
treatment, the etching time was calculated. As a result, the
etching time was 80+10=90 seconds, the over-etching time
was 90x0.2=18 seconds, and the total etching time was
90+18=108 seconds.

After conducting the dry etching under conditions
described above, a stripping treatment was conducted using
a photoresist stripping solution (MS230C, produced by
FUJIFILM Electronic Materials Co., [.td.) for 120 seconds
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to remove the resist pattern, and then washing with pure
water and spin drying were conducted. Thereafter, a dehy-
dration baking treatment was conducted at 100° C. for 2
minutes. Thus, a green color pattern in which square green
color pixels each having one side length of 1.2 um were
arranged checkerwise was obtained.

Each green color pattern in which square green color
pixels each having one side length of 1.2 ym were arranged
checkerwise and which was prepared using the colored
composition for forming green color filter of each of the
examples in the step of forming green color pattern (green
color pixel) by dry etching was prepared. The colored
radiation-sensitive composition for forming red filter was
coated on the green color pattern so as that an inside of each
through-hole of the green color pattern was filled with the
colored radiation-sensitive composition for forming red fil-
ter and that the thickness after drying and post bake became
0.40 um to obtain a stacked color filter composed of the red
color radiation-sensitive layer formed on the green color
layer (corresponding to the state shown in FIG. 7).

The red color radiation-sensitive layer of the stacked color
filter thus-obtained was subjected to pattern exposure using
an i-ray stepper (produced by Canon Inc.) in an exposure
amount of 350 mJ/cm® The exposed areas were areas
corresponding to the through-halls located in even lines in
the checkered green color pattern (corresponding to the
position 21A in the second colored radiation-sensitive layer
21 corresponding to the first through-hole part group 121
formed in the first colored layer 11 (refer to FIG. 7)).

Then, the stacked color filter after exposure was mounted
on a horizontal rotary table of a spin shower developing
machine (Model DW-30, produced by Chemitronics Co.,
Ltd.) and subjected to puddle development at 23° C. for 60
seconds using a 60% diluted solution of CD-2000 (produced
by FUIJIFILM Electronic Materials Co., Ltd.). Then, the
color filter was fixed on the horizontal rotary table with a
vacuum chuck system, and subjected to a rinse treatment by
supplying a shower of pure water from a jet nozzle above the
center of rotation while the color filter was rotated by a
rotator at a rotation speed of 50 rpm, followed by spray
drying.

Thus, a color filter precursor in which the red color
radiation-sensitive layer and the red color pixels formed in
the inside of the through-holes located in odd lines in the
checkered green color pattern were removed was obtained
(corresponding to the state shown in FIG. 8).

Then, the colored radiation-sensitive composition for
forming blue filter was coated on the color filter precursor so
as that an inside of each through-hole of the green color
pattern of the color filter precursor was filled with the
colored radiation-sensitive composition for forming blue
filter and that the thickness after drying and post bake
became 0.40 um to obtain a stacked color filter composed of
the blue color radiation-sensitive layer formed on the green
color layer (corresponding to the state shown in FIG. 9).

The blue color radiation-sensitive layer of the stacked
color filter thus-obtained was subjected to pattern exposure
using an i-ray stepper (produced by Canon Inc.) in an
exposure amount of 350 mJ/cm?. The exposed areas were
areas corresponding to the through-halls located in odd lines
in the checkered green color pattern (corresponding to the
position 31A in the third colored radiation-sensitive layer 31
corresponding to the second through-hole part group 122
formed in the first colored layer 11 (refer to FIG. 9)).

Then, the stacked color filter after exposure was mounted
on a horizontal rotary table of a spin shower developing
machine (Model DW-30, produced by Chemitronics Co.,
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Ltd.) and subjected to puddle development at 23° C. for 60
seconds using a 60% diluted solution of CD-2000 (produced
by FUJIFILM Electronic Materials Co., Ltd.). Then, the
color filter was fixed on the horizontal rotary table with a
vacuum chuck system, and subjected to a rinse treatment by
supplying a shower of pure water from a jet nozzle above the
center of rotation while the color filter was rotated by a
rotator at a rotation speed of 50 rpm, followed by spray
drying.

Thus, a color filter in which the blue color radiation-
sensitive layer in the stacked color filter was removed was
obtained (corresponding to the state shown in FIG. 10).
(Heat Resistance)

Each of GRB color filters formed as described above by
combination of Green colored curable composition, colored
radiation-sensitive composition for forming red filter and
colored radiation-sensitive composition for forming blue
filter for the examples and comparative examples was heated
by a hot plate at 260° C. for 300 seconds and then cooled to
room temperature. Spectral change of transmittance of
Green color filter portion of the color filter before and after
the heating at 260° C. for 300 seconds was measured using
the method described above and from the color difference
AEab obtained the heat resistance was evaluated. The lower
value of AEab means the more excellent heat resistance.

All of Green color filters of the examples exhibit the result
of good heat resistance same as in the single Green color
filter in comparison with the comparative examples.

Thus, when the colored composition according to the
invention is used as the first colored composition in the
method of producing a color filter according to the inven-
tion, since the first colored layer, thus, the first colored pixel
is formed with the colored composition having a high
concentration of coloring agent, the thickness of the first
colored pixel can be extremely reduced (for example, 0.7 um
or less). Therefore, the method of producing a color filter
capable of producing a color filter which is prevented from
causing the crosstalk (color mixing of light) is achieved.

Also, the first colored pixel formed from the colored
composition according to the invention is excellent in the
heat resistance. Thus, even when the color filter having the
first colored pixel is subjected to a high temperature heating
process (for example, a solder reflow process to a solid-state
imaging device having the color filter), the degradation in
hue of the first colored pixel hardly occurs and the spectral
characteristic of the color filter is hardly changed. As a
result, the color filter of high performance can be produced.

This application is based on Japanese Patent application
JP 2011-190189, filed on Aug. 31, 2011, the entire content
of which is hereby incorporated by reference, the same as if
fully set forth herein.

The invention claimed is:

1. A method of producing a color filter comprising (A) a
step of forming a first colored layer comprising a first
colored composition, (B) a step of patterning with dry
etching so as to from a through-hole group in the first
colored layer, wherein the through-hole group comprises a
first through-hole part group and a second through-hole part
group, (C) a step of stacking a second colored radiation-
sensitive layer comprising a second colored radiation-sen-
sitive composition on the first colored layer so as that an
inside of each through-hole of the first through-hole part
group and second through-hole part group is filled with the
second colored radiation-sensitive composition to form a
plurality of second colored pixels, (D) a step of exposing and
developing a position of the second colored radiation-
sensitive layer corresponding to the first through-hole part
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group provided in the first colored layer to remove the
second colored radiation-sensitive layer and the plurality of
second colored pixels formed in the inside of each through-
hole of the second through-hole part group provided in the
first colored layer, (E) a step of stacking a third colored
radiation-sensitive layer comprising a third colored radia-
tion-sensitive composition on the first colored layer so as
that an inside of each through-hole of the second through-
hole part group is filled with the third colored radiation-
sensitive composition to form a plurality of third colored
pixels, and (F) a step of exposing and developing a position
of the third colored radiation-sensitive layer corresponding
to the second through-hole part group provided in the first
colored layer to remove the third colored radiation-sensitive
layer,

wherein the first colored composition comprises a color-

ing agent and a resin, the content of the coloring agent
with respect to a total solids content of the first colored
composition is 50% by weight or more, and the resin
has a solid content acid value of more than 80 mg
KOH/g.

2. The method of producing a color filter as claimed in
claim 1, wherein the first colored layer is a green color
transmission layer.

3. The method of producing a color filter as claimed in
claim 1, wherein one of the second colored pixel and the
third colored pixel is a red color transmission part and the
other is a blue color transmission part.

4. The method of producing a color filter as claimed in
claim 1, wherein the content of the coloring agent with
respect to the second colored pixel is 30% by weight or more
and the content of the coloring agent with respect to the third
colored pixel is 30% by weight or more.

5. The method of producing a color filter as claimed in
claim 1, wherein the content of the coloring agent with
respect to a total solids content of the colored composition
is 60% by weight or more.

6. A method of producing a color filter comprising (A) a
step of forming a first colored layer comprising a first
colored composition, (B) a step of patterning with dry
etching so as to from a through-hole group in the first
colored layer, wherein the through-hole group is a plurality
of first through-holes, (C') a step of stacking a second
colored layer comprising a second colored composition on
the first colored layer so as that an inside of each of the first
through-holes is filled with the second colored composition
to form a plurality of second colored pixels, (D') a step of
forming a plurality of first colored pixels by patterning with
dry etching so as to form a plurality of second through-holes
different from the plurality of first through-holes in the first
colored layer, (D") a step of conducting a planarization
treatment of the second colored layer until at least the first
colored layer is revealed, (E) a step of stacking a third
colored radiation-sensitive layer comprising a third colored
radiation-sensitive composition on the first colored layer so
as that an inside of each of plurality of second through-holes
is filled with the third colored radiation-sensitive composi-
tion to form a plurality of third colored pixels, and (F) a step
of exposing and developing a position of the third colored
radiation-sensitive layer corresponding to the plurality of
second through-holes provided in the first colored layer to
remove the third colored radiation-sensitive layer, and
wherein (D") the step of conducting a planarization treat-
ment is conducted either after (C') the step of stacking a
second colored layer and before (D') the step of patterning
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with dry etching or after (D') the step of patterning with dry
etching and before (E) the step of stacking a third colored
radiation-sensitive layer,

wherein the first colored composition comprises a color-

ing agent and a resin, the content of the coloring agent
with respect to a total solids content of the first colored
composition is 50% by weight or more, and the resin
has a solid content acid value of more than 80 mg
KOH/g.

7. The method of producing a color filter as claimed in
claim 6, wherein (D") the step of conducting a planarization
treatment is conducted after (C') the step of stacking a
second colored layer and before (D') the step of patterning
with dry etching.

8. The method of producing a color filter as claimed in
claim 7, wherein each of (B) the step of patterning with dry
etching and (D') the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer, a step of patterning the photoresist layer
by conducting exposure and development to obtain a resist
pattern, and a step of conducting dry etching of the first
colored layer using the resist pattern as an etching mask.

9. The method of producing a color filter as claimed in
claim 6, wherein (D") the step of conducting a planarization
treatment is conducted after (D') the step of patterning with
dry etching and before (E) the step of stacking a third
colored radiation-sensitive layer.

10. The method of producing a color filter as claimed in
claim 9, wherein (B) the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer and (D') the step of patterning with dry
etching comprises a step of further forming a photoresist
layer on the second colored layer; and each of (B) the step
of patterning with dry etching and (D'") the step of patterning
with dry etching further comprises a step of patterning the
photoresist layer by conducting exposure and development
to obtain a resist pattern, and a step of conducting dry
etching of the colored layer using the resist pattern as an
etching mask.

11. The method of producing a color filter as claimed in
claim 6, wherein (D") the step of conducting a planarization
treatment is conducted by an etch back treatment or a
chemical mechanical polishing treatment.

12. The method of producing a color filter as claimed in
claim 6, wherein the first colored layer is a green color
transmission layer.

13. The method of producing a color filter as claimed in
claim 6, wherein the content of the coloring agent with
respect to a total solids content of the colored composition
is 60% by weight or more.

14. A method of producing a color filter comprising (A)
a step of forming a first colored layer comprising a first
colored composition, (B) a step of patterning with dry
etching so as to from a through-hole group in the first
colored layer, wherein the through-hole group is a plurality
of first through-holes, (C') a step of stacking a second
colored layer comprising a second colored composition on
the first colored layer so as that an inside of each of the first
through-holes is filled with the second colored composition
to form a plurality of second colored pixels, (D') a step of
forming a plurality of first colored pixel by patterning with
dry etching so as to form a plurality of second through-holes
different from the plurality of first through-holes in the first
colored layer, (E') a step of stacking one or more colored
layers including a third colored layer comprising a third
colored composition on the first colored layer so as that an
inside of each of plurality of second through-holes is filled
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with the third colored composition to form a plurality of
third colored pixels, and (F') a step of conducting a pla-
narization treatment of the one or more colored layers
stacked on the first colored layer until at least the first
colored layer is revealed,

wherein the first colored composition comprises a color-

ing agent and a resin, the content of the coloring agent
with respect to a total solids content of the first colored
composition is 50% by weight or more, and the resin
has a solid content acid value of more than 80 mg
KOH/g.

15. The method of producing a color filter as claimed in
claim 14, which further comprises (D") a step of conducting
a planarization treatment of the second colored layer until at
least the first colored layer is revealed after (C') the step of
stacking a second colored layer and before (D') the step of
patterning with dry etching, and the one or more colored
layers stacked on the first colored layer in the step (E') is the
third colored layer.

16. The method of producing a color filter as claimed in
claim 15, wherein (D") the step of conducting a planariza-
tion treatment is conducted by an etch back treatment or a
chemical mechanical polishing treatment.

17. The method of producing a color filter as claimed in
claim 15, wherein each of (B) the step of patterning with dry
etching and (D') the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer, a step of patterning the photoresist layer
by conducting exposure and development to obtain a resist
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pattern, and a step of conducting dry etching of the first
colored layer using the resist pattern as an etching mask.

18. The method of producing a color filter as claimed in
claim 14, wherein the one or more colored layers stacked on
the first colored layer in the step (E') are layers comprising
the second colored layer and the third colored layer.

19. The method of producing a color filter as claimed in
claim 18, wherein (B) the step of patterning with dry etching
comprises a step of further forming a photoresist layer on the
first colored layer and (D') the step of patterning with dry
etching comprises a step of further forming a photoresist
layer on the second colored layer; and each of (B) the step
of patterning with dry etching and (D'") the step of patterning
with dry etching further comprises a step of patterning the
photoresist layer by conducting exposure and development
to obtain a resist pattern, and a step of conducting dry
etching of the first colored layer using the resist pattern as an
etching mask.

20. The method of producing a color filter as claimed in
claim 14, wherein (F') the step of conducting a planarization
treatment is conducted by an etch back treatment or a
chemical mechanical polishing treatment.

21. The method of producing a color filter as claimed in
claim 14, wherein the first colored layer is a green color
transmission layer.

22. The method of producing a color filter as claimed in
claim 14, wherein the content of the coloring agent with
respect to a total solids content of the colored composition
is 60% by weight or more.
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